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ABSTRACT

The s t u d y  o f  ’’t e t r a h e d r a l  i n t e r m e d i a t e s "  i s  r e v i e w e d .

S t u d i e s  by  p r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y  

( N .M .R . ) ,  o f  s e v e r a l  o r t h o  e s t e r  d e r i v a t i v e s  ( a c e t o x y - d i m e -  

t h o x y —m ethane  , a c e t o x y - d i e t h o x y - m e t h a n e , 2 - a c e t o x y - l , 3- d i o x o l a n , 

2 - a c e t o x y - 4 , 4 , 5 , 5- t e t r a m e t h y l - l , 3 - d i o x o l a n  and 2 - c h l o r o a c e t o x y -  

- 4 , 4 , 5 , 5- t e t r a m e t h y l - 1 , 3- d i o x o l a n ) hav e  shown t h e  e x i s t e n c e  

o f  t h e  p o s t u l a t e d  t e t r a h e d r a l  i n t e r m e d i a t e s  l i k e l y  t o  be 

o b t a i n e d  f rom  l o s s  o f  t h e  a c e t o x y  o r  c h l o r o a c e t o x y  g roup  

f o l l o w e d  by r e a c t i o n  w i t h  w a t e r .  These  i n t e r m e d i a t e s  hav e  

b e e n  shown t o  be  o b s e r v a b l e  o v e r  l o n g  p e r i o d s  a t  low t e m p e r a ­

t u r e s  and  t h e  r a t e  c o n s t a n t s  f o r  t h e i r  d e c o m p o s i t i o n  have  b e e n  

c a l c u l a t e d .  The o b s e r v a t i o n  o f  one i n t e r m e d i a t e ,  2 - h y d r o x y -  

- 4 , 4 , 5 , 5- t e t r a m e t h y l - l , 3 - d i o x o l a n  h a s  a l s o  b e e n  c a r r i e d  o u t  

u s i n g  13C N.M.R.

A t t e m p t s  t o  s y n t h e s i s e  o t h e r  a c e t o x y  s p e c i e s  and o t h e r  

p o s s i b l e  p r e c u r s o r s  (p h en o x y  and p » - n i t r o - p h e n o x y  d e r i v a t i v e s ,  

e t c .  ) hav e  a l l  met  w i t h  f a i l u r e .  S t u d i e s  on t h e  h y d r o l y s e s  

o f  o t h e r  compounds hav e  n o t  r e s u l t e d  i n  t h e  d e t e c t i o n  o f  any  

t e t r a h e d r a l  i n t e r m e d i a t e s .  Also  no i n t e r m e d i a t e s  were 

d e t e c t e d  i n  t h e  r e a c t i o n s  o f  v a r i o u s  c a r b e n iu m  s a l t s .

The h y d r o l y s e s  o f  2 , 2 - d i m e t h o x y t e t r a h y d r o p y r a n  and 

2 , 2—d i e t h o x y t e t r a h y d r o p y r a n  y i e l d  6- v a l e r o l a c t o n e , t h e  a l c o h o l  

( m e th a n o l  o r  e t h a n o l )  and m e th y l  o r  e t h y l  5- h y d r o x y v a l e r a t e , 

i n d i c a t i n g  t h a t  t h e  r e a c t i o n  i s  n o t  s p e c i f i c  as  t h o u g h t  by 

D e s lo n g c h a m p s .



The k i n e t i c s  o f  t h e  h y d r o l y s i s  o f  b e n z a l d e h y d e  d i - t - b u t y l  

a c e t a l  and  o c - a c e t o x y - a - t - b u t o x y - t o l u e n e  h a s  b ee n  s t u d i e d  i n  

s e v e r a l  a c e t a t e  and  one i m i d a z o l e  b u f f e r s .  B o th  hav e  b e e n  

shown to  h y d r o l y s e  by r a t e  l i m i t i n g  d e c o m p o s i t i o n  o f  t h e  

h e m i a c e t a l  a t  low pH by g e n e r a l  b u f f e r  c a t a l y s i s .  Whereas  

no change  i n  t h e  r a t e  d e t e r m i n i n g  s t e p  i s  o b s e r v e d  f o r  

ct—a c e t o x y - c c - t - b u t o x y - t o l u e n e  t h e  h y d r o l y s i s  o f  b e n z a l d e h y d e  

d i - t - b u t y l  a c e t a l  shows com plex  two s t e p  k i n e t i c s  ( i . e .  an  

i n d u c t i o n  p e r i o d )  o v e r  a v e r y  l a r g e  pH r a n g e  ( c a  4 - 7 )  w i t h  a 

ch ange  i n  t h e  r a t e  d e t e r m i n i n g  s t e p  t o  h y d r o l y s i s  o f  t h e  

a c e t a l .  No g e n e r a l  b u f f e r  c a t a l y s i s  was o b s e r v e d  a t  t h e  

h i g h e r  pHs i n  t h e  b u f f e r  u s e d  ( i m i d a z o l e ) .
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1

INTRODUCTION

The M oral  o f  t h e  T a le

ffI t  i s  i n t e r e s t i n g  t o  s p e c u l a t e  why c e r t a i n  compounds 

h a v e  r e s i s t e d  d i s c o v e r y  f o r  l o n g  p e r i o d s  o f  t i m e ,  o n l y  t o  

be  s y n t h e s i s e d  q u i t e  p a i n l e s s  once  t h e  i n i t i a l  b r e a k t h r o u g h  

h a s  b e e n  made. A l th o u g h  r e a s o n s  can  be g i v e n  t h a t  a r e  

p e c u l i a r  t o  each  s y s t e m ,  t h e  g e n e r a l  p a t t e r n  seems to  be 

an  i n i t i a l  u n s u c c e s s f u l  e f f o r t  to  make a compound,  f o l l o w e d  

by  d e t a i l e d  r a t i o n a l i s a t i o n  o f  t h e  f a i l u r e .  T h e r e a f t e r  

t h e  r a t i o n a l i s a t i o n  t e n d s  t o  be a c c e p t e d ,  and  l i t t l e  o r  no 

e f f o r t  i s  made t o  r e f u t e  i t ” .

Non E x i s t e n t  Compounds.

E.H.  Appelman Acc.  Chem. Res .  ( 1 9 7 3 )  113*



H i s t o r i c a l  I n t r o d u c t i o n

H y d r o l y s e s  and E s t e r i f i c a t i o n  R e a c t i o n s

The s t u d y  o f  e s t e r i f i c a t i o n s  and r e l a t e d  r e a c t i o n s  h a v e

f rom  t h e  f i r s t  i n v e s t i g a t i o n s  by B e r t h e l o t  and  P e a n  de

S a i n t - G i l l e s ^  ( o v e r  100 y e a r s  a g o )  t o  p r e s e n t  day r e s e a r c h ,

p r o d u c e d  a w e a l t h  o f  e x p l a n a t i o n s  and d e d u c t i o n s  f o r  w h a t

a p p e a r  i n i t i a l l y  t o  be some o f  t h e  s i m p l e s t  r e a c t i o n s  i n
2c h e m i s t r y .  The p o s s i b l e  r e a c t i o n  m echanisms a r e  g e n e r a l l y  

s u b - d i v i d e d  a c c o r d i n g  to  t h e  t y p e  o f  bond f i s s i o n ,  a c y l -  

o xygen  (AC) o r  a l k y l - o x y g e n  (AL) ,  t h e  n a t u r e  o f  t h e  r a t e  

d e t e r m i n i n g  s t e p ,  u n i m o l e c u l a r  ( l )  o r  b i m o l e c u l a r  ( 2 ) and 

f i n a l l y  w h e t h e r  t h e  e s t e r  (B) o r  c o n j u g a t e  a c i d  (A) i s  

i n v o l v e d .

The e v i d e n c e  f a v o u r i n g  p a r t i c u l a r  r e a c t i o n  mechanisms  

s te m s  from b a s i c a l l y  t h r e e  s o u r c e s  ( a )  t h e  u s e  o f  i s o t o p e s ,

. ( b )  t h e  d e t e r m i n a t i o n  o f  p r o d u c t s  and ( c )  t h e  e f f e c t s  on 

k i n e t i c s  by s t r u c t u r a l  c h a n g e s  i n  t h e  s u b s t r a t e .

I t  i s  n o t  a l t o g e t h e r  o b v io u s  a t  t h i s  s t a g e  t h a t  o n l y  

two o f  t h e  p o s s i b l e  m ec h a n i s m s ,  B ^ 2  an<l  c o u l d  g e n e r a t

p o s s i b l e  t e t r a h e d r a l  i n t e r m e d i a t e s  i n  t h e i r  r e a c t i o n s  and  so  

e v i d e n c e  f o r  t h e  o t h e r  m echan ism s  w i l l  be i n c l u d e d ,  i n  p a r t ,  

f o r  c o n s i d e r a t i o n .  The d e f i n i t i o n  o f  a '’t e t r a h e d r a l  i n t e r ­

m e d i a t e ” w i l l  become o b v io u s  i n  t h e  l a t e r  d i s c u s s i o n s .



3

H y d r o l y s i s  r e a c t i o n s  i n v o l v e  t h e  i n c o r p o r a t i o n  o f  w a t e r

i n t o  t h e  p r o d u c t s  ( e s t e r i f i c a t i o n s  a r e  e f f e c t i v e l y  t h e

r e v e r s e ) .  One o f  t h e  m ain  p o s s i b l e  u s e s  o f  i s o t o p e s ,  t h e r e -
18f o r e ,  can  be t h e  u s e  o f  l a b e l l e d  0 w a t e r  and  t h e  r e s u l t i n g

i n c o r p o r a t i o n  o r  n o n - i n c o r p o r a t i o n  i n t o  p r o d u c t s .
18 3 The u s e  o f  0 w a t e r  was f i r s t  u s e d  by  P o l a n y i  and Szabo

i n  t h e  i n v e s t i g a t i o n  o f  t h e  a l k a l i n e  h y d r o l y s i s  o f  n -am yl
18a c e t a t e .  They showed t h a t  t h e  i n c o r p o r a t i o n  o f  0 f rom

t h e  s o l v e n t  a p p e a r e d  i n  t h e  a c i d  p r o d u c t  b u t  n o t  i n  t h e  a l c o h o l .
• 4F u r t h e r  s t u d i e s  on a v a r i e t y  o f  e s t e r s ;  Y“ fru ‘kyr ° l a c 't'o n e >

5
m e th y l  2 , 4 , 6 - t r i p h e n y l b e n z o a t e , d i p h e n y l m e t h y l  and 9 - f l u o r e n y l

6 7a c e t a t e s ,  m e th y l  t r i f l u o r o a c e t a t e , p h e n y l  and d i p h e n y l m e t h y l
8 9t n f  l u o r o a c e t a t e s , b o r n y l  and  i s o b o r n y l  a c e t a t e s ,  e t h y l ,

i s o p r o p y l  and t - b u t y l  b e n z o a t e s ^  hav e  a l l  shown s i m i l a r

r e s u l t s ,  i . e .  a c y l - o x y g e n  f i s s i o n  i n  a l k a l i n e  s o l u t i o n .
13The a c i d  h y d r o l y s e s  o f  m e th y l  h y d r o g e n  s u c c i n a t e ,

14 4 7d i p h e n y l m e t h y l  f o r m a t e ,  y - b u t y r o l a c t o n e , m e t h y l ,  and
8 9p h e n y l  f l u o r o a c e t a t e s , b o r n y l  a c e t a t e ,  p h e n y l  a c e t a t e ,

e t h y l  a c e t a t e  and m e th y l  f o r m a t e " ^  a l l  show oxygen  i n c o r ­

p o r a t i o n  i n t o  t h e  a c i d  f u n c t i o n  i . e .  a c y l - o x y g e n  f i s s i o n .
16The e s t e r i f i c a t i o n  o f  m e t h a n o l  and  b e n z o i c  a c i d ,  t h e  r e v e r s e

o f  h y d r o l y s i s ,  a l s o  showed e x c h a n g e  t o  t h e  c a r b o n y l  f u n c t i o n .



4

The i n c o r p o r a t i o n  o f  0 i n t o  t h e  a l c o h o l  f u n c t i o n
IT 1 8h a s  b e e n  o b s e r v e d  f o r  t h e  a c i d  h y d r o l y s i s  o f  t - b u t y l  a c e t a t e ,  9

8d i p h e n y l m e t h y l  t r i f l u o r o a c e t a t e , £ - m e t h o x y - d i p h e n y l m e t h y l
19 20a c e t a t e  and t r i p h e n y l m e t h y l  a c e t a t e  w h ich  a r e  a l l  h y d r o l y s e d

21 22 by  t h e  AAL1 m echan ism .  H y d r o l y s i s  o f  ( 3 - b u t y r o l a c t o n e
18i n  n e u t r a l  s o l u t i o n  l e d  t o  0 i n c o r p o r a t i o n  i n  t h e  a l k y l
21f u n c t i o n  {.B ̂ 2  m e c h a n i s m ) .

A m o d i f i c a t i o n  to  t h e  above  m ethod  w here  t h e  l a b e l  i s

i n c o r p o r a t e d  i n t o  t h e  e s t e r ,  i n  t h e  a l k y l  o x y g e n ,  h a s  b e e n
23s t u d i e d  f o r  e t h y l  p r o p i o n a t e  and shown t o  p r o d u c e  e t h a n o l  

c o n t a i n i n g  e x c e s s ^ O .

P r o d u c t  a n a l y s i s  h a s  p l a y e d  a l a r g e  p a r t  i n  t h e  c o m p a r i s o n  

o f  a c y l - o x y g e n  v e r s u s  a l k y l - o x y g e n  c l e a v a g e  b u t  n o t  as  a 

d i r e c t  method f o r  e v i d e n c e  f o r  o r  a g a i n s t  t e t r a h e d r a l  i n t e r ­

m e d i a t e s .  I t  h a s  s e r v e d ,  h o w e v e r ,  t o  e l i m i n a t e  a number  o f  

h y d r o l y s i s  r e a c t i o n s  f rom p o s s i b l e  c o n s i d e r a t i o n  by t h e  s im p le  

f a c t  t h a t  i f  a l k y l - o x y g e n  c l e a v a g e  o c c u r s  an  Sjg- t y p e  d i s p l a c e ­

m ent  t a k e s  p l a c e  w i t h  no t e t r a h e d r a l  i n t e r m e d i a t e  b e i n g  

p o s s i b l e  ( s e e  l a t e r ) .

The f i r s t  e v i d e n c e  f o r  a c y l - o x y g e n  f i s s i o n ,  f rom  p r o d u c t  

a n a l y s i s ,  was p r o d u c e d  by  H o l m b e r g ^  f rom t h e  s t u d y  o f  t h e  

a l k a l i n e  h y d r o l y s i s  o f  a c e t o x y s u c c i n i c  a c i d  w h ic h  y i e l d e d  

t h e  a l c o h o l  w i t h  t h e  same r e l a t i v e  c o n f i g u r a t i o n  a s  t h a t  i n  

t h e  s t a r t i n g  m a t e r i a l .  T h is  e a r l y  a t t e m p t ,  h o w e v e r ,  was
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f l a w e d  i n  t h a t  p a r t i c i p a t i o n  o f  t h e  c a r b o x y l a t e  i o n  o f  t h e

a c i d  c o u l d  o c c u r ,  i . e .  an  i n t r a m o l e c u l a r  r e a c t i o n ,  g i v i n g

r e t e n t i o n  o f  c o n f i g u r a t i o n  w i t h  a l k y l - o x y g e n  c l e a v a g e .

41L a t e r  work u s i n g  m e th y l  a l l y l  a c e t a t e s  and n e o p e n t y l  
42e s t e r s  h a s  shown no r e a r r a n g e m e n t  w h e re a s  w i t h  c e r t a i n

4 3  4 4
a s y m m e t r i c a l  a l l y l  a l c o h o l  e s t e r s  h av e  shown r e a r r a n g e ­

ment  and  r a c e m i s a t i o n  to  o c c u r .
45The o b s e r v a t i o n  o f  e t h e r s  d u r i n g  a l c o h o l y s i s  and  t h e

f o r m a t i o n  o f  a l k e n e s  d u r i n g  h y d r o l y s i s  r e a c t i o n s ' * ’ ^* hav e

a l s o  p o i n t e d  t o  a l k y l - o x y g e n  f i s s i o n .

I n  t h e  r e a c t i o n s  i n  w h ic h  a c y l - o x y g e n  c l e a v a g e  t a k e s

p l a c e  two p o s s i b l e  e x t r e m e s  o f  mechanism a r e  p o s s i b l e

su m m a r i se d  as  d i r e c t  S-  ̂ t y p e  d i s p l a c e m e n t  ( b o t h  S ^ l  and  S^T2 ) .

I n  t h e  c a s e  o f  S^2 d i s p l a c e m e n t ,  i . e .  t h e  b i m o l e c u l a r  r e a c t i o n ,

t h e  p o s s i b i l i t y  a r i s e s  o f  a d i s c r e t e  i n t e r m e d i a t e  s p e c i e s .
18The e v i d e n c e  o b t a i n e d  o f  i n c o r p o r a t i o n  o f  0 f rom  t h e  s o l v e n t

i n t o  t h e  u n r e a c t e d  s t a r t i n g  m a t e r i a l  c o u l d  be r e g a r d e d  as

e v i d e n c e  f o r  s u c h  an i n t e r m e d i a t e ,  h a v i n g  a f i n i t e  l i f e t i m e ,

i n  w h ic h  p r o t o n  t r a n s f e r  o c c u r r e d  f a s t e r  t h a n  t h e  b reakdow n
18to  p r o d u c t s  ( s e e  f i g .  l ) .  I f  t h i s  r a t e  o f  0 e x ch an g e  was

much s l o w e r  t h a n  t h e  r a t e  o f  h y d r o l y s i s ,  h o w e v e r ,  i t  c o u l d
18be a r g u e d  t h a t  t h e  0 e x c h a n g e  was a  s i d e - r e a c t i o n  and was 

n o t  i n v o l v e d  i n  t h e  h y d r o l y s i s  s t e p .
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I f  one assum es  a  t e t r a h e d r a l  s p e c i e s  d o es  e x i s t  t h r e e  

f a c t o r s  w ou ld  be  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  r a t i o  o f  t h e  

r a t e  o f  h y d r o l y s i s  t o  t h e  r a t e  o f  ex ch an g e  ( k ^ / k e ) .

These  a r e  (A) t h e  r e l a t i v e  r a t e  o f  t h e  i n i t i a l  e q u i l i b r i u m  

s t e p  ( a t t a c k ,  f o r  ex a m p le ,  b y ^ O H )  as  a g a i n s t  t h e  r a t e  o f  

l o s s  o f  a l k o x i d e  (B) t h e  b a s i c i t i e s  o f  a l k o x i d e  ( o r  more 

g e n e r a l l y  X) v e r s u s  h y d r o x i d e  (C) and t h e  r e l a t i v e  s t a b i l i ­

t i e s  o f  t h e  c a t i o n i c  p r o d u c t s .  I t  can  be s e e n ,  t h e r e f o r e ,  

t h a t  t h e  v a l u e s  o f  kpj/k^ may be e x p e c t e d  to  v a r y .  

( P h e n y l a c e t a t e ^  k ^ / k ^  = 12 0 ,  e t h y l  a c e t a t e " ^  k j j /k ^  = 5, 

i s o b o r n y l  a c e t a t e '  k H/ k  = ~  0 , 5 ) .  X n one c a s e ,  a t  l e a s t ,

t h e  r a t e  o f  ^ 0  ex ch an g e  f o r  e t h y l  t r i f l u o r o a c e t a t e , ^  

h a s  b e e n  shown t o  be s i m i l a r  t o  t h a t  o f  h y d r o l y s i s .

I t  s h o u l d  be n o t e d ,  a t  t h i s  s t a g e  t h a t  i f  p r o t o n  t r a n s f e r  

i s  s l o w ,  o r  t h e  l i f e t i m e  o f  t h e  i n t e r m e d i a t e  i s  s h o r t ,  no 

e x c h an g e  may o c c u r .  T h is  does  n o t  n e c e s s a r i l y  h a v e  to  mean

no i n t e r m e d i a t e  on t h e  r e a c t i o n  p a th w a y .  The h y d r o l y s i s  o f
11 12 p h e n y l  b e n z o a t e ,  p -m e th o x y  and ]D -c h lo r o b e n z y l  b e n z o a t e s

h a v e  shown no m e a s u r a b l e  i n c o r p o r a t i o n .

O t h e r  p o s s i b l e  i n t e r p r e t a t i o n s  can  be v ie w e d  f rom  t h i s  

d a t a  e i t h e r  t h e  " i n t e r m e d i a t e ' '  i s  i n  f a c t  a t r a n s i t i o n  s t a t e  

w here  exch an g e  can o c c u r  t o  some e x t e n t  b u t  n o t  n e c e s s a r i l y  

c o m p le t e  bond f o r m a t i o n  o r  f i s s i o n  d u r i n g  t h e  i n t e r m e d i a t e  

p e r i o d  o f  t h e  r e a c t i o n ,  o r  t h a t  some o t h e r  mechanism c o u l d  i n  

f a c t  be o p e r a t i v e .
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25The h y d r o l y s i s  o f  e s t e r s  i n  c o n c e n t r a t e d  a c i d  ( a  

d i f f e r e n t  mechanism may e x i s t  i n  a l k a l i n e  o r  n e u t r a l  

s o l u t i o n  s i n c e  i t  i s  known t h a t  k i n e t i c  e q u a t i o n s  change  

a s  pH c h a n g e s )  was e x p l a i n e d  by  t h e  t r a n s i t i o n  s t a t e  shown 

i n  f i g u r e  2. O t h e r  p r o p o s e d  t r a n s i t i o n  s t a t e s  i n c l u d e

• P -  o 2 6  ^  a 2 7f i g u r e s  3 and 4

An ad d e d  c o m p l i c a t i o n  o f  e s t e r  h y d r o l y s i s  i n  b u f f e r
28 31 32 33 34s o l u t i o n s  i s  t h a t  o f  p a r t i c i p a t i o n  * 9 9 * o f  b a s e s  i n

e i t h e r  g e n e r a l  b a s e  o r  n u c l e o p h i l i c  c a t a l y s i s .  G e n e r a l

b a s e  c a t a l y s i s * ^ , ^ 9^  c a n  be r e p r e s e n t e d  as  shown i n  f i g .  5

w here  B can  r e p r e s e n t  any  b a s e  i n c l u d i n g  h y d r o x i d e .  The

r e a c t i o n  can  be s e e n  t o  be r e p r e s e n t e d  as  a two s t e p  p r o c e s s

where  p r o t o n  t r a n s f e r  c o u l d  be e i t h e r  a c o n c e r t e d  o r  s e m i -

c o n c e r t e d  m echan ism .  The i n t e r m e d i a t e  e x p e c t e d  t o  be  d e r i v e d

from  n u c l e o p h i l i c  c a t a l y s i s ,  h o w e v e r ,  i s  n o t  t h e  s p e c i e s

d e r i v e d  f rom  a t t a c k  o f  w a t e r  a s  t h e  n u c l e o p h i l e  on t h e  e s t e r .

E v i d e n c e  f o r  n u c l e o p h i l i c  c a t a l y s i s  ( f i g .  6 )  i s  b a s e d  m a i n l y

on t h e  i s o l a t i o n  o r  o b s e r v a t i o n  o f  t h e  o t h e r  i n t e r m e d i a t e  
0
•* fa  35R C N ^ ,  f o r  exam ple  t h e  h y d r o l y s i s  o f  2 , 4 - d i n i t r o p h e n y l

b e n z o a t e  i n  ^ 0  l a b e l l e d  a c e t a t e  r e s u l t e d  i n  a 75% i n c o r p o r -  
18a t i o n  o f  t h e  0 i n t o  t h e  b e n z o i c  a c i d  p r o d u c t  p r e s u m a b l y  by

t h e  m echanism shown ( f i g .  7 ) .  I n  t h e  i m i d a z o l e - c a t a l y s e d
36h y d r o l y s i s  o f  £ - n i t r o p h e n y l  a c e t a t e  i t  was p o s s i b l e  t o  

obs  e r v e  s p e c t r o p h o t o m e t r i c a l l y  t h e  f o r m a t i o n  o f  b o t h  j D - n i t r o -  

p h e n o l  and N - a c e t y l i m i d a z o l e  d u r i n g  t h e  r e a c t i o n .  I n  f a c t
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many h y d r o l y s e s  i n v o l v e  a change  f rom g e n e r a l  b a s e  c a t a l y s i s
33 34t o  n u c l e o p h i l i c  c a t a l y s i s  9 o r  v i c e  v e r s a  d e p e n d i n g ,  f o r

e x a m p le ,  on t h e  pKa o f  p h e n o l s  i n  t h e  h y d r o l y s i s  o f  s u b s t i t u t e d

p h e n y l  a c e t a t e s .

The a n a l y s i s  o f  t h e  e f f e c t  o f  d e u t e r i u m  o x i d e  on t h e

r a t e s  o f  h y d r o l y s i s  a r e  g e n e r a l l y  d i f f i c u l t  t o  i n t e r p r e t
18as  com pared  to  t h e  u s e  o f  0 l a b e l l i n g .  G e n e r a l l y ,  h o w e v e r ,

38n e u t r a l  h y d r o l y s i s  ( a c t i o n  b y  w a t e r  i t s e l f )  h a s
36 37k p  o ^ H  0 w 0* 5 - 1 . 2  as  com pared  t o  a c i d  9 c a t a l y s i s

kp  o ^ H  0 w 1 »3-1*68  and  b a s e  c a t a l y s i s ^  * ^  ^   ̂ g e n e r a l l y  

l e s s  t h a n  0 . 5 .

S t r u c t u r a l  r e a c t i v i t y  c o r r e l a t i o n s  can  p l a y  an i m p o r t a n t

p a r t  i n  some c a s e s  i n  c o n f i r m i n g  t h e  e v a l u a t i o n  o f  t h e

m echanisms o f  h y d r o l y s i s  an d  e s t e r i f i c a t i o n  t y p e  r e a c t i o n s

s i n c e  t h e y  r e l a t e  t h e  e f f e c t  o f  ch an g e s  i n  t h e  r e a c t i v i t y  o f

a  s u b s t r a t e  by  t h e  a d d i t i o n  o f  e l e c t r o n - a t t r a c t i n g  o r  d o n a t i n g

s p e c i e s  t o  t h e  change  i n  a c t i v a t i o n  e n e r g y  o f  t h e  i n t e r m e d i a t e

s p e c i e s .  The u s e  o f  H a m m e t t ,47*49 B r o n s t e d , ^  T a f t  and 

48B u n n e t t  t y p e  r e l a t i o n s h i p s  and  p l o t s  hav e  s u c c e e d e d ,  t o  a 

c e r t a i n  e x t e n t ,  i n  s u g g e s t i n g  t h e  p o s s i b l e  p r e s e n c e  o f  t e t r a ­

h e d r a l  i n t e r m e d i a t e s  and  c a t i o n i c  s p e c i e s  i n  a c y l - o x y g e n  and 

a l k y l - o x y g e n  c h a n g e s  by c o n f i r m i n g  v iew s  h e l d  on t h e  e f f e c t

o f  s t a b i l i s a t i o n  and d e s t a b i l i s a t i o n  o f  t h e s e  s p e c i e s  by
49 3 3s u b s t i t u t i o n  i n  b o t h  t h e  a c y l  and a l k y l  f u n c t i o n s .  F o r
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a much more d e t a i l e d  a c c o u n t  o f  t h e s e  e f f e c t s  on e a c h  o f  t h e
A /  £\ / •» \

p o s s i b l e  mechanisms t h e  works  o f  B e n d e r ,  , J o h n s o n ,

E u r a n t o , ^  ^ a  ̂ I n g o l d , Gold**^ and B r u i c e " ^  s h o u l d  be c o n ­

s u l t e d .

The H y d r o l y s i s  o f  Amides

Th e re  a r e  many s i m i l a r i t i e s  i n  t h e  h y d r o l y s i s  o f  am ides

and t h a t  o f  e s t e r s .  These  can  b e  su m m a r i s e d  as  t h e  modes

o f  h y d r o l y s i s  o f  am ides  a r e  e f f e c t i v e l y  and -A-^2
52m echanisms  s i n c e  t h e  r a t e  o f  h y d r o l y s i s  i n  m o d e r a t e l y  a c i d i c

o r  b a s i c  s o l u t i o n  i s  p r o p o r t i o n a l  t o  t h e  amide c o n c e n t r a t i o n

and a c i d  o r  b a s e  c o n c e n t r a t i o n  r e s p e c t i v e l y .  The f a c t  t h a t

f o r  h y d r o l y s i s  a c y l —n i t r o g e n  c l e a v a g e  m ust  o c c u r  i s  o b v io u s

and  so  e l i m i n a t e s  t h e  o t h e r  m ech an ism s .  The e f f e c t s  o f  
52s u b s t i t u e n t s  on a l k a l i n e  h y d r o l y s i s  i s  i n  t h e  e x p e c t e d

m an n er ,  w here  e l e c t r o n  a t t r a c t i n g  groups  a c c e l e r a t e  and

e l e c t r o n  d o n a t i n g  g ro u p s  r e t a r d  t h e  r a t e  o f  h y d r o l y s i s .  The
• 52e f f e c t s  o f  s u b s t i t u e n t s  on t h e  r a t e  o f  a c i d  h y d r o l y s i s  a r e ,

as  e x p e c t e d ,  v e r y  s l i g h t ;  w h i l e  s t e r i c  e f f e c t s  s lo w  t h e
53r a t e  o f  h y d r o l y s i s  i n  b o t h  a c i d i c  and b a s i c  s o l u t i o n s .

54The e x ch an g e  o f  t h e  c a r b o n y l  oxygen  o f  b en z am id e  w i t h  t h e  

s o l v e n t  d u r i n g  i t s  h y d r o l y s i s  h a s  shown t h a t  t h e  t e t r a h e d r a l  

s p e c i e s  e x i s t s  l o n g  enough t o  u n d e rg o  a r e a c t i o n  o t h e r  t h a n  

b reak d o w n  t o  p r o d u c t s  o r  r e v e r s i o n  t o  t h e  s t a r t i n g  m a t e r i a l s .  

However  t h e  v e r y  h i g h  r a t e  o f  h y d r o l y s i s  v e r s u s  e x c h a n g e  

shows t h a t  e i t h e r  t h e  r e l a t i v e  r a t e  o f  p a r t i t i o n i n g  to  p r o d u c t s  

v e r s u s  r e a c t a n t  i s  q u i t e  h i g h ,  o r  t h a t  t h e  l i f e t i m e  i s  s h o r t .
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I n  t h e  s t u d y  o f  amide h y d r o l y s i s  i n  h i g h e r  a c i d  c o n c e n -
5 5t r a t i o n s  t h e  r a t e  i s  o b s e r v e d  t o  go t h r o u g h  a maximum b u t  

i s  g e n e r a l l y  d i f f e r e n t  f o r  e a ch  am ide .  T h i s  maximum h a s  

b e e n  e x p l a i n e d  as  b e i n g  due t o  c o m p e t i t i v e  p r o t o n a t i o n  u n t i l  

s a t u r a t i o n  ( i . e .  a l l  amide p r o t o n a t e d )  and d e c l i n i n g  a c t i v i t y  

o f  w a t e r  as  t h e  a c i d  s t r e n g t h  i n c r e a s e s .  T h i s  e f f e c t  h a s
tr zi

b e e n  s t u d i e d  by t h e  c o n s i d e r a t i o n  o f  a c i d i t y  f u n c t i o n s  and

h a s  t e n d e d  to  s u g g e s t  a t r a n s i t i o n  s t a t e  w i t h  a t  l e a s t  3 w a t e r

m o l e c u l e s  i n v o l v e d .

As w i t h  t h e  e s t e r  h y d r o l y s i s  ad d e d  c o m p l i c a t i o n s  o f

c o m p e t in g  p a th w ay s  have  b e e n  shown t o  e x i s t ,  f o r  example  v i a
55 ( b )t h e  k i n e t i c  d a t a .  T h is  t y p e  o f  s i t u a t i o n  w i l l  be

d i s c u s s e d  i n  a l a t e r  s e c t i o n .

The h y d r o l y s i s  o f  much more s t e r i c a l l y  h i n d e r e d

57N - t - a l k y l - s u b s t i t u t e d  am id es  i n  c o n c e n t r a t e d  a c i d  s o l u t i o n s  

h a v e  shown t h a t  t h e  p r o d u c t s ,  t e r t i a r y  a l c o h o l s  and o l e f i n s  

m u s t  be e x p l a i n e d  by  a l k y l - n i t r o g e n  f i s s i o n  c o n t r a r y  t o  t h e  

p r e v i o u s  a s s u m p t i o n  b u t  t h e s e  s y s te m s  may be e x p e c t e d  to  be  

e x c e p t i o n a l  c a s e s .
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B r e a k s  i n  -pH r a t e  p r o f i l e s  and b u f f e r  c o n c e n t r a t i o n  r a t e  Curves

l )  P a r t i t i o n i n g  o f  t h e  I n t e r m e d i a t e ^ ^ ^

Assuming t h e  e x i s t e n c e  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  t h e  

s i m p l e s t  p o s s i b l e  mechanism f o r  t h e  r e a c t i o n  o f  a b a s i c  s p e c i e s  

w i t h  a  c a r b o n y l  compound can  be r e p r e s e n t e d  as

0 OH 0
II i ^2 n

R-C-L + H O   ^ R-C-L R-C-OH + LH
2 k _X I —2

OH

I t  can  be s e e n  t h e r e f o r e  t h a t  t h e  g e n e r a t i o n  and d e c o m p o s i t i o n  

o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  can e i t h e r  be s y m m e t r i c a l  o r  

a s y m m e t r i c a l  s i t u a t i o n ,  w here  t h e  s y m m e t r i c a l  mechanism 

p a r t i t i o n i n g  o f  t e t r a h e d r a l  i n t e r m e d i a t e  o c c u r s  by a  s i m i l a r  

c a t a l y s i s ,  and k i n  o p p o s i t e  d i r e c t i o n s .  The a s y m m e t r i c a l  

mechanism s i m i l a r l y  r e q u i r e s  d i f f e r e n t  c a t a l y s i s  i n  ea c h  d i r e c t i o n ,  

P r o b a b l y  t h e  m ost  o b v io u s  d e d u c t i o n  f rom  t h e  above  c o n ­

s i d e r a t i o n s  i s  t h a t  i f  t h e  a s y m m e t r i c a l  mechanism o c c u r s  i n  a 

p a r t i c u l a r  r e a c t i o n  t h e n  a change  i n  t h e  t y p e  and  r a t e  o f  

c a t a l y s i s  w i l l  become a p p a r e n t  i n  b o t h  t h e  pH r a t e  p r o f i l e  and 

b u f f e r  c o n c e n t r a t i o n  r a t e  c u r v e s .  However  i n  a s y m m e t r i c a l  

m echan ism ,  where  t h e  e n t e r i n g  and  l e a v i n g  g ro u p s  a r e  s i m i l a r ,  

t h e  r e s u l t i n g  p l o t s  s h o u l d  show no s u c h  change  o r  b r e a k  i n  t h e  

p r o f i l e s .

Taken t o  e x t r e m e s  t h e  a p p a r e n t  s y m m e t r i c a l  m echanism  may 

i n  f a c t  p r o d u c e  an a s y m m e t r i c a l  s i t u a t i o n  i f  t h e  c o n c e n t r a t i o n s
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o f  t h e  c a t a l y s i n g  s p e c i e s  a r e  i n c r e a s e d  h i g h  enough .

The t a b l e  1 ( o f  J o h n s o n  3 9 ( b ) )  e f f e c t i v e l y  su m m a r ise s  a l l  

t h e  p o s s i b l e  g e n e r a l  a c i d - b a s e  c a t a l y s e d  mechanisms  w hich  

c o u l d  be o b s e r v e d  f o r  s i m p l e  c a r b o n y l  a d d i t i o n  r e a c t i o n s .

2 )  Ra te  P r o f i l e s  and  C o n c e n t r a t i o n  C u r v e s . ( i n d i r e c t  e v i d e n c e

f o r  t e t r a h e d r a l  i n t e r m e d i a t e s ) .

W hile  d i r e c t  e v i d e n c e  f o r  t e t r a h e d r a l  i n t e r m e d i a t e s  by

t h e i r  d i r e c t  o b s e r v a t i o n  i s  r a t h e r  s p a r s e  t h e  amount o f  d a t a

on r e a c t i o n s  which  f i t  k i n e t i c  e q u a t i o n s  f o r  r a t e  d e t e r m i n i n g

break d o w n  o f  t e t r a h e d r a l  i n t e r m e d i a t e s ,  and  h e n c e  d e m o n s t r a t e s

t h e  p o s s i b i l i t y  f o r  t h e i r  i n t e r v e n t i o n ,  i s  v a s t .

The h y d r o l y s e s  o f  t h e  c l e a v a g e  o f  d i e t h y l  a c e t y l m a l o n a t e

and i t s  r e l a t e d  p r e c u r s o r  d i e t h y l  a c e t y l e t h y l m a l o n a t e  h a v e ,
5 8f o r  e x a m p le ,  b e e n  i n t e r p r e t e d  f rom  t h e i r  pH r a t e  p r o f i l e s

as  r a t e  d e t e r m i n i n g  h y d r a t i o n  o f  t h e  c a r b o n y l  a t  h i g h  pHs

and r a t e  d e t e r m i n i n g  c l e a v a g e ,  i . e .  b reakdow n of  an i n t e r m e d i a t e

by c a r b o n - c a r b o n  bond b r e a k a g e ,  a t  low pH s .
59The c y a n o l y s i s  o f  e t h y l  t h i o l a c e t a t e  and  t h e  h y d r o l y s i s

o f  b e n z o y l  c y a n i d e , ^  a c e t y l  c y a n i d e ^  and p r o p i o n y l  c y a n id e * ^

hav e  a l l  s i g m o i d a l  pH r a t e  p r o f i l e s  and t h e  f o r m e r ,  a t  l e a s t ,

can  be i n t e r p r e t e d  as  r e v e r s i b l e  f o r m a t i o n  o f  a  t e t r a h e d r a l

i n t e r m e d i a t e  w i t h  a c i d  c a t a l y s e d  e x p u l s i o n  o f  t h e  t h i o l  g r o u p .
6 2As p r e v i o u s l y  s t a t e d  t h e  a l k a l i n e  h y d r o l y s i s  o f  am ides  

can  c o n s i s t  o f  b o t h  f i r s t  and s e c o n d  o r d e r  t e rm s  i n  h y d r o x i d e .
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While t h i s  c o u l d  be e x p l a i n e d  by a mechanism i n v o l v i n g  a d o u b le  

a t t a c k  o f  h y d r o x i d e ,  t h e  s e c o n d  a t t a c k i n g  t h e  f i r s t  as  i t  i n  

t u r n  a t t a c k s  t h e  c a r b o n y l ,  a more r e a s o n a b l e  mechanism i s  t h a t  

a c o m p l i c a t e d  p a r t i t i o n  s y s te m  w here  t h e  t e t r a h e d r a l  i n t e r ­

m e d i a t e  i s  i n  e q u i l i b r i u m  w i t h  i t s  o t h e r  i o n i c  fo rm s  ( f i g  8 ) .  The 

h y d r o l y s e s  o f  s e v e r a l  am ides  , w i t h  b r e a k s  i n  t h e i r  pH r a t e  

p r o f i l e s  hav e  b een  shown t o  f i t  t h e  d e r i v e d  r a t e  e q u a t i o n  f o r  

t h i s  m echan ism .  The g e n e r a l  mechanism i s  now t h o u g h t  t o  be 

r a t e  d e t e r m i n i n g  b reak d o w n  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  a t  

low pH and r a t e  l i m i t i n g  f o r m a t i o n  o f  t e t r a h e d r a l  i n t e r m e d i a t e  

a t  h i g h  pH.
6 4W hile  t h e  h y d r o l y s e s  o f  t h e  t h i o l  e s t e r s  o f  a c e t i c ,

65 66f o r m i c  and  b e n z o i c  a c i d s  e x h i b i t  a c i d  c a t a l y s i s  w h i l e  t h e

h y d r o l y s e s  o f  p r o g r e s s i v e l y  e l e c t r o n  w i t h d r a w i n g ^ ’ ^  t h i o l

e s t e r s  show i n h i b i t i o n  a t  low pH. The c u r v e d  pH r a t e  p l o t s

o b t a i n e d  f o r  t r i f l u o r o a c e t a t e  were  e x p l a i n e d  by F ed o r  and 
67B r u i c e  as  i n v o l v i n g  f o r m a t i o n  o f  a t e t r a h e d r a l  i n t e r m e d i a t e  

w i t h  a c i d  c a t a l y s e d  f o r m a t i o n  o f  t h i o l  e s t e r .  A s i m i l a r  

scheme was p r o p o s e d  f o r  e t h y l  t r i f l u o r o a c e t y l m e r c a p t o a c e t a t e .

0 k 0 © kII 1 3

OH

»  CF3C02H + RSH

Work by  B e n d e r  and  H e c k , ^  v i a  ^ 0  e x c h a n g e ,  a l s o  s u g g e s t e d

t h e  mechanism and i n v o l v e d  a sy m m e tr ic  p a r t i t i o n i n g .  L a t e r
68work by H e r s c h f i e l d  and S ch m ir  h as  s u g g e s t e d  a much more
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com plex  mechanism  t h e  a c i d  i n h i b i t i o n  b e i n g  d i r e c t l y  r e l a t e d  

t o  t h e  r a t i o  o f  t h e  r a t e  c o n s t a n t s  f o r  t h e  b reakdow n  o f  t h e  

i n t e r m e d i a t e s  t o  p r o d u c t s  and r e a c t a n t s .

The p H - r a t e  p r o f i l e s  f o r  t h e  h y d r o l y s e s  o f  e t h y l  t r i c h l o r o -
70a c e t a t e  and t r i f l u o r o a c e t a t e  a r e  a l s o  non l i n e a r  and  have

b e e n  i n t e r p r e t e d  w i t h  a s i m i l a r  p a r t i c i p a t i o n  o f  t e t r a h e d r a l  

i n t e r m e d i a t e s  ( s e e  f i g u r e s  9 and  1 0 ) .

The o b s e r v a t i o n  t h a t  t h e  r a t e s  o f  h y d r o l y s i s  o f  some 
71k e t e n e  a c e t a l s  show a non  l i n e a r  d e p e n d e n c e  o f  r a t e  on 

b u f f e r  c o n c e n t r a t i o n s  a t  c o n s t a n t  pH i s  i n  a c c o r d  w i t h  a 

m echanism w h ic h  i n v o l v e s  i n i t i a l  r a t e  d e t e r m i n i n g  p r o t o n  

t r a n s f e r  t o  t h e  o l e f i n  a t  low b u f f e r  c o n c e n t r a t i o n s  and r a t e  

d e t e r m i n i n g  d e c o m p o s i t i o n  o f  t h e  c a rb o n iu m  i o n  a t  h i g h  c o n c e n ­

t r a t i o n s .  The e x p u l s i o n  f ro m  t h e  mixed  k e t e n e  a c e t a l s  o f  

a l c o h o l  f u n c t i o n s  i n  v e r y  a c i d i c  s o l u t i o n s  and t h i o  f u n c t i o n s  

i n  l e s s  a c i d i c  s o l u t i o n s  h a s  been  t a k e n  f o r  e v i d e n c e  f o r  

f u r t h e r  i n t e r m e d i a t e s  on t h e  r e a c t i o n  p a th w a y ,  t h e s e  c o n s i d e r ­

a t i o n s  r e s u l t i n g  i n  t h e  m echanism  w hich  i n c l u d e d  t e t r a h e d r a l  

i n t e r m e d i a t e s .
. 143S t u d i e s  on t h e  h y d r o l y s i s  of  s u b s t i t u t e d  m aleam ic  and 

144m a l e a n i l i n i c  a c i d s  h a s  shown t h a t  t h e  amide h y d r o l y s e s  by 

i n t r a m o l e c u l a r  p a r t i c i p a t i o n .  The mechanism i s  t h o u g h t  to  be 

as  i n  f i g .  11 w i t h  r a t e  d e t e r m i n i n g  d e c o m p o s i t i o n  o f  t h e  t e t r a ­

h e d r a l  i n t e r m e d i a t e  ( 4 ) i n  m os t  s u b s t i t u t e d  s p e c i e s  b u t  r a t e  

d e t e r m i n i n g  d i f f u s i o n  away o f  t h e  g e n e r a l  a c i d  ( 3 ) ^ ( 4 )  i n  

t h e  c a s e  o f  d i - i s o p r o p y l - m a l e a m i c  a c i d .  The h y d r o l y s i s  o f
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t h e  c o r r e s p o n d i n g  e s t e r s ,  a l k y l  h y d r o g e n  d i a l k y l m a l e a t e s  h a s
145b e e n  i n t e r p r e t e d  i n  a s i m i l a r  m anner .

The s t u d y ^  o f  t h e  b i c y c l i c  t h i o l  ( f i g .  12 )  by  a c i d  

e s t e r i f i c a t i o n  h a s  a l s o  b e e n  shown t o  hav e  a non l i n e a r  pH 

r a t e  p r o f i l e  and  h a s  been  i n t e r p r e t e d  as  i n v o l v i n g  a  p a r t i a l l y  

s i m i l a r  mechanism ( f i g .  13 )  w i t h  r a t e  l i m i t i n g  d e c o m p o s i t i o n  

o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  a t  pH >  3 and  r a t e  d e t e r m i n i n g

f o r m a t i o n  a t  l o w e r  p H s .
. 7 3  2The h y d r o l y s i s  o f  2 - m e th y l - A  - t h i a z o l e  t o  t h e  two

p r o d u c t s ,  5 - a c e t y l m e r c a p t o e t h y l a m i n e  and N - a c e t y l m e r c a p t o -  

e t h y l a m i n e  h a s  b e e n  d e m o n s t r a t e d  by  M a r t i n  e t  a l  to  h a v e  a 

b e l l  s h a p e d  r a t e  p r o f i l e  w i t h  c h a n g i n g  pH. I t  i s  s u b j e c t  

t o  g e n e r a l  b a s e  c a t a l y s i s  above  pH 2 . 3  b u t  n o t  b e lo w  t h i s  

v a l u e .  T h i s  a p p a r e n t  c h an g e  i n  mechanism was e x p l a i n e d  by 

i n v o l v i n g  a t e t r a h e d r a l  i n t e r m e d i a t e  s p e c i e s  which  s u b s e q u ­

e n t l y  b r o k e  down i n  e i t h e r  d i r e c t i o n  to  t h e  p r o d u c t s  ( f i g .  1 4 ) .  

The ch ange  i n  r a t e  d e t e r m i n i n g  s t e p  was e x p l a i n e d  as  i n i t i a l  

r a t e  d e t e r m i n i n g  a t t a c k  o f  w a t e r  on t h e  p r o t o n a t e d  t h i a -  

z o l i n e  above  pH 3 and r a t e  d e t e r m i n i n g  b reak d o w n  o f  t h e

t e t r a h e d r a l  i n t e r m e d i a t e  be low  t h i s  v a l u e .  E v i d e n c e  f rom  
T 3f u r t h e r  work  on t h e  e q u i l i b r a t i o n  o f  t h e  t h i o l / a m i n e  p l a c e d  

t h i s  e x p l a n a t i o n  i n  d o u b t .  I n  a d d i t i o n  J e n c k s  and B a r n e t t ,  

who o b s e r v e d  t h a t  n e i t h e r  s t e p  i s  c o m p l e t e l y  r a t e  d e t e r m i n i n g  

o v e r  most  o f  t h e  pH r a n g e ,  h a v e  s i n c e  e x p l a i n e d  t h e s e  r e s u l t s
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by  c o n s i d e r i n g  t h e r e  i s  r a t e  d e t e r m i n i n g  p r o t o n  t r a n s f e r  

above  pH 2 . 3  ( f i g .  15)  ( f o r  work  on s i m i l a r  compounds s e e  

r e f .  7 5 ) .

One o f  t h e  m o s t  s t u d i e d  a r e a s  i s  t h a t  o f  t h e  r e a c t i o n s
*7 Ck *7 C\ *7*7

o f  amino compounds w i t h  a l d e h y d e s ,  k e t o n e s  and  e s t e r s

w here  n o n - l i n e a r  pH r a t e  p r o f i l e s  hav e  been  a n a l y s e d  i n  g r e a t
78d e t a i l .  N o n - l i n e a r  B r o n s t e d  p l o t s  hav e  a l s o  b e e n  o b s e r v e d

f o r  many r e a c t i o n s  and h av e  b een  i n t e r p r e t e d  as  i n v o l v i n g

t e t r a h e d r a l  i n t e r m e d i a t e s .  The o b s e r v a t i o n  o f  s e v e r a l

c h a n g e s  i n  t h e  r a t e  p r o f i l e s  a r e  n o t  unknown.

P o s s i b l y  t h e  most  r e c e n t  a d d i t i o n  t o  t h e  s t u d y  o f  a m i n o l -

y s i s  r e a c t i o n s  i s  t h a t  o f  t h e  o b s e r v a t i o n  o f  n o n - l i n e a r
146d e p e n d e n c e  o f  t h e  r a t e  o f  a m i n o l y s i s  o f  b e n z y l p e n i c i l l i n  

u p o n  h y d r o x i d e  i o n  c o n c e n t r a t i o n .  The r e a c t i o n  h a s  b e e n  

i n t e r p r e t e d  as  r a t e  d e t e r m i n i n g  d i f f u s i o n  o f  t h e  h y d r o x i d e  

and t e t r a h e d r a l  i n t e r m e d i a t e  ( 2 )  t o g e t h e r  a t  low h y d r o x i d e  

c o n c e n t r a t i o n s  and r a t e  d e t e r m i n i n g  d e c o m p o s i t i o n  o f  t h e  

t e t r a h e d r a l  i n t e r m e d i a t e  ( 3 )  a t  h i g h  h y d r o x i d e  c o n c e n t r a t i o n s ,  

( s e e  f i g .  16 : c f .  r e f .  1 4 5 ) .
79S i m i l a r l y  t h e  a l k a l i n e  and a c i d  h y d r o l y s e s  o f  i m i d a t e ,  

t h i o i m i d a t e ^  e s t e r s ,  S c h i f f  b a s e s ^  and  r e l a t e d  p r e c u r s o r s ^  

h av e  a l l  b e e n  s t u d i e d  e x t e n s i v e l y ,  hav e  been  shown t o  h a v e  

n o n - l i n e a r  pH r a t e  p r o f i l e s  and hav e  h e n c e  b ee n  shown t o  f i t  

t h e  c o m p l i c a t e d  k i n e t i c s  i n v o l v i n g  a number o f  c h a n g e s  i n  t h e  

r a t e  d e t e r m i n i n g  s t e p .  The r e s u l t i n g  p r o d u c t s  o f  h y d r o l y s i s
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h a v e  a l s o  b e e n  shown t o  be pH d e p e n d e n t*  A summary o f  t h e
8 2" r e l a t i v e  f a m i l i e s "  o f  r a t e  p r o f i l e s  h a s  b e e n  g i v e n  by  M e s l i .

The p a r t i c i p a t i o n  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  i n  t h e
8 3h y d r o l y s e s  o f  i m i d a t e s  i n  c o n c e n t r a t e d  a c i d ,  a t  l e a s t ,  h a s

b e e n  c a l l e d  to  q u e s t i o n  by t h e  o b s e r v a t i o n  o f  a l k y l - o x y g e n  
18c l e a v a g e  by  0 s o l v e n t  i n c o r p o r a t i o n  i n t o  t h e  a l c o h o l  f u n c t i o n  

r a t h e r  t h a n  a t  t h e  c a r b o n y l .
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84S i m i l a r l y  t h e  h y d r o l y s e s  o f  e t h y l  t h i o l b e n z o a t e  and  

e t h y l  t h i o n b e n z o a t e  h av e  b e e n  shown t o  u n d e rg o  d i f f e r e n t  

h y d r o l y s i s  m echanisms  i n  c o n c e n t r a t e d  a c id ' .  W hi le  e t h y l  

t h i o l b e n z o a t e  u n d e r g o e s  an  A^qI  m echan ism ,  e t h y l  t h i o n b e n z o a t e  

u n d e r g o e s  an 2 m echan ism .
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D i r e c t  S n e c t r o s c o n i c  O b s e r v a t i o n  o f  T e t r a h e d r a l  I n t e r m e d i a t e s ,  

Th e re  a r e ,  as  h a s  j u s t  b e e n  d e s c r i b e d ,  many r e a c t i o n s  

f i t t i n g  k i n e t i c  e q u a t i o n s  w here  t e t r a h e d r a l  i n t e r m e d i a t e s  

h a v e  b e e n  p o s t u l a t e d .  D i r e c t  o b s e r v a t i o n  o f  t r a n s i e n t  i n t e r ­

m e d i a t e s ,  h o w e v e r ,  h a s  i n  i t s e l f  been  f r a u g h t  w i t h  d i f f i c u l t i e s  

and  t h e  r e s u l t i n g  m i s i n t e r p r e t a t i o n s .

I t  s h o u l d  be g e n e r a l l y  a c c e p t e d  t h a t  t h e  m a j o r i t y  o f  
120" o l d e r ” work s h o u l d  be t a k e n  and i n t e r p r e t e d  w i t h  c a r e .

I n  h i s  r e v i e w  Bender^"*" g i v e s  s e v e r a l  e x a m p le s  o f  p o s s i b l e

t e t r a h e d r a l  i n t e r m e d i a t e  e q u i l i b r i a  f rom  r a t h e r  s p a r s e

e v i d e n c e ,  e . g .  p e r s o n a l  c o m m u n i c a t i o n s ,  to  s u p p o r t  th em .

I d e a l l y  t h e s e  r e a c t i o n s  ( f i g .  17)  s h o u l d  be  r e p e a t e d

i n  v ie w  o f  t h e  g r e a t e r  a d v a n c e m e n t s  i n  i n s t r u m e n t  t e c h n o l o g y .

O t h e r  s t u d i e s  f o r  exam ple  o f  t h e  two s t e p  h y d r o l y s i s  o f  th e  
85o r t h o e s t e r  2 , 2 , - d im e t h o x y - 3 - p h e n y l - 2 H - c h r o m e n e  ( f i g -  18)

by  U.V. s p e c t r o s c o p y  h a s  shown t h e  p r e s e n c e  o f  a t r a n s i e n t

i n t e r m e d i a t e .  I t  i s ,  h o w e v e r ,  much more l i k e l y  t h a t  s u c h  a

t r a n s i e n t  i n t e r m e d i a t e  i s  t h e  ca rb o x o n iu m  i o n  i n  v ie w  o f  t h e

p o s s i b l e  r e s o n a n c e  s t a b i l i s a t i o n  p r e s e n t  i n  t h e  m o l e c u l e .

The c o n v e r s i o n  o f  2 , 2 , 5 - t r i s u b s t i t u t e d - l , 3 - o x o t h i o l e s
92i n t o  1 - a c y l t h i o - 2 - a l k a n o n e s  i n  a c i d  s o l u t i o n  h a s  b e e n  shown 

t o  h a v e  a r a t e  c o n s t a n t  i n d e p e n d e n t  o f  w h e t h e r  RM = CH^ o r  E t .  

T h i s  f a c t  combined  w i t h  t h e  o b s e r v a t i o n  o f  im m e d ia te  f o r m a t i o n  

o f  m e th a n o l  (b y  N .M .R.)  a t  t h e  s t a r t  o f  t h e  r e a c t i o n ,  l e d  t o
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t h e  c o n c l u s i o n  t h a t  t h e  i n i t i a l  f a s t  s t e p  i s  t h a t  o f  f o r m a t i o n

o f  a  t e t r a h e d r a l  i n t e r m e d i a t e  ( f i g .  1 9 ) .  The r a t e  o f  t h e  s lo w

s t e p  was f o u n d  to  b e  p r o p o r t i o n a l  t o  t h e  a c t i v i t y  o f  t h e

h y d r o x i d e  i o n s  p r e s e n t  w h ich  s u g g e s t e d  t h a t  an i n i t i a l  p r o t o n

t r a n s f e r  o c c u r r e d  b e f o r e  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  b r o k e  down.

The q u e s t i o n  o f  how s t a b l e  t h e  p o s i t i v e  i o n  i n i t i a l l y  fo rm ed

com pared  t o  t h a t  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  c a s t  some d o u b t

a s  t o  w h e t h e r  t h e  d e c o m p o s i t i o n  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e

was i n  f a c t  r a t e  d e t e r m i n i n g  h o w e v e r ,  s i n c e  t h e  a r o m a t i c

c h a r a c t e r  o f  t h e  i o n  may r e s u l t  i n  p o o r  n u c l e o p h i l i c  a t t a c k  t o
9 2 ( c )p r o d u c e  t h e  t e t r a h e d r a l  i n t e r m e d i a t e .  F u r t h e r  work

t h e r e f o r e ,  was c a r r i e d  o u t  and i t  was shown t h a t  t h e  i n i t i a l

f a s t  s t e p  was t h a t  o f  f o r m a t i o n  o f  ( 2 ) w i t h  a s u b s e q u e n t  s lo w

r e a c t i o n  w h e re  ( 2 ) i s  i n  e q u i l i b r i u m  w i t h  compound ( 3 ) ;  t h o u g h t

o r i g i n a l l y  n o t  t o  be on t h e  r e a c t i o n  p a th w a y  ( f i g .  2 0 ) .

Compounds ( 2 ) and ( 3 )  were  i s o l a t e d  and c h a r a c t e r i s e d  and ( 3 )

was shown t o  u n d e rg o  s u b s e q u e n t  f a s t  r e a c t i o n s  t o  p r o d u c t  ( 4 ) .
86The r e a c t i o n  b e tw e e n  i s o p r o p y l g l y c i n a t e  b i s ( e t h y l e n e -  

d i a m i n e ) c o b a l t  I I I  p e r c h l o r a t e  ( f i g .  2 1 ( A ) ) a n d  g l y c i n e  e t h y l  

e s t e r  i n  d i m e t h y l  s u l p h o x i d e  h a s  a l s o  b e e n  shown to  be a two 

s t e p  r e a c t i o n .  O b s e r v a t i o n  o f  an i n i t i a l  i n c r e a s e  i n  o p t i c a l  

d e n s i t y  f o l l o w e d  by a s l o w e r  d e c r e a s e  h as  l e d  t o  t h e  a s s i g n ­

m e n t ,  w i t h  I . R .  d a t a ,  o f  t h i s  i n i t i a l  p r o d u c t  as  a t e t r a h e d r a l  

i n t e r m e d i a t e  s t a b i l i s e d  by a m e ta l  i o n .  S e v e r a l  o t h e r  

e x am p le s  e x i s t  where  such  s t a b i l i s a t i o n  by m e t a l  i o n s  have
94b e e n  s u g g e s t e d  e . g .  t h e  a l c o h o l y s i s  o f  e t h y l  f l u o r o a c e t a t e s ,

95 96a r y l  b e n z o a t e s  and r e l a t e d  p r e c u r s o r s .
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The m echan ism  p r o p o s e d ,  f o r  t h e  c o b a l t  s t a b i l i s e d  

r e a c t i o n ,  i s  shown i n  f i g u r e  21 ,  t h e  i n i t i a l  s t e p  b e i n g  

f i r s t  o r d e r  i n  amine an d  t h e  s e c o n d  one b e i n g  g e n e r a l  a c i d  

c a t a l y s e d .  No s e p a r a t i o n  o f  i n d i v i d u a l  r a t e  c o n s t a n t s  was 

p o s s i b l e  i n  t h i s  s t u d y  due to  t h e  o v e r a l l  c o m p l e x i t y  o f  t h e  

r e a c t i o n .  The p o s s i b i l i t y  o f  some o t h e r  u n f o r s e e n  p a th w a y  

l e a d s  t h e  a u t h o r  to  q u e s t i o n  t h e  p r o b a b i l i t y  o f  t h e  i n i t i a l  

s t e p  b e i n g  t h a t  o f  t h e  o b s e r v a t i o n  o f  a t e t r a h e d r a l  i n t e r ­

m e d i a t e .

P r o b a b l y  t h e  m os t  d o u b t f u l  example  o f  a t e t r a h e d r a l
93i n t e r m e d i a t e  i s  t h e  s t u d y  by some R u s s i a n  w o r k e r s ,  o f  t h e  

I . R .  s p e c t r a  o f  s e v e r a l  l a c t a m s  i n  v a r i o u s  c o n c e n t r a t i o n s  o f  

p o t a s s i u m  d e u t e r o x i d e  s o l u t i o n  where  i t  was o b s e r v e d  t h a t  

c h a n g e s  o c c u r r e d  i n  t h e  c a r b o n y l  r e g i o n .  I n  t h e  c a s e  o f  

y - b u t y r o l a c t o n e  t h e  c a r b o n y l  b a n d  a t  1650 cm 1 i n  d e u t e r i u m  

o x i d e  d e c r e a s e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  t h e  a l k a l i  

and  a  new b an d  a t  1555 cm"1 i n i t i a l l y  fo rm ed  f o l l o w e d  by  

f u r t h e r  b an d s  a t  1740 and 1395 cm"1 i n  more c o n c e n t r a t e d  s o l ­

u t i o n s .  C o n s i d e r a t i o n  o f  t h e  I . R .  s p e c t r u m  o f  s t r o n t i u m  

c a r b o n a t e  w h ich  showed s i m i l a r  c a r b o n y l  b a n d s ,  a t  1 7 4 0 ,  1555 

and 1400 cm"1 , r e s u l t e d  i n  t h e  a s s i g n i n g  o f  t h e  i n i t i a l  new 

p e a k ,  1555 cm"1 , t o  t h a t  o f  t h e  n e g a t i v e l y  c h a r g e d  t e t r a h e d r a l  

i n t e r m e d i a t e  and t h e  two o t h e r  b a n d s ,  1740 and 1395 cm , t o  

t h a t  o f  t h e  d o u b l y  i o n i s e d  t e t r a h e d r a l  i n t e r m e d i a t e .  The
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l a c t a m  a n i o n ,  due  p r e s u m a b l y  t o  t h e  l o s s  o f  a  p r o t o n  f rom  

t h e  n i t r o g e n ,  was p r o v e d  n o t  t o  c o r r e s p o n d  to  any  o f  t h e  

n e v  I * b a n d s ,  by  m e a s u r i n g  t h e  I . R .  s p e c t r u m  o f  t h e  l a c t a m  

so d iu m  s a l t .  W hile  some o f  t h e  I . R .  b an d s  c o u l d  b e  a r g u e d  

a s  b e i n g  due  t o  a c i d  f o r m a t i o n  no r e a l  e v i d e n c e  i s  f o r t h ­

coming t o  a r g u e  a g a i n s t  t h e  d i r e c t  o b s e r v a t i o n  o f  t h e  t e t r a ­

h e d r a l  i n t e r m e d i a t e s  i n  t h e  s o l u t i o n .  The s t u d y  o f  much 

more r e l a t e d  s p e c i e s  t h a n  s t r o n t i u m  c a r b o n a t e  may add more 

l i g h t  on t h e  s u b j e c t .
1 j

S t a u f f e r  c l a i m e d  t h a t  t h e  h y d r o l y s i s  o f  t r i f l u o r o -  

a c e t a n i l i d e s  gave  a b u i l d  u p ,  o f  a p p r o x i m a t e l y  30%, o f  a

t e t r a h e d r a l  i n t e r m e d i a t e  b u t  t h i s  was shown t o  be i n c o r r e c t
IQ 148b y  ft N.M.R. s t u d i e s  by  G u t h r i e .  A f u r t h e r  s t u d y  o f

t h e  h y d r o l y s i s  o f  s u b s t i t u t e d  t r i f l u o r o a c e t a n i l i d e s  i n  i m i —
149d a z o l e  b u f f e r  by  S t a u f f e r  showed t h e  p r e s e n c e  o f  a n  i n i t i a l

i n c r e a s e  i n  U.V. a b s o r b a n c e ,  d u r i n g  t h e  r e a c t i o n  w h ich  i s  

p r o p o r t i o n a l  to  t h e  c o n c e n t r a t i o n  o f  i m i d a z o l e  p r e s e n t ,  

f o l l o w e d  by  a  s lo w  d e c r e a s e  o v e r  a  l o n g e r  t i m e  i n t e r v a l .

The m echan ism  p r o p o s e d  i s  shown i n  f i g .  22 and  h a s  b e e n  

i n t e r p r e t e d  as  d i r e c t  n u c l e o p h i l i c  a t t a c k  o f  t h e  i m i d a z o l e  

on  t h e  c a r b o n y l  o f  t h e  amide w i t h  t h e  r e s u l t i n g  f o r m a t i o n  o f  

a  t e t r a h e d r a l  i n t e r m e d i a t e  f o l l o w e d  b y  a s lo w  b rea k d o w n  o f  

t h i s  s p e c i e s  t o  p r o d u c t s .  The h y d r o l y s i s  o f  t r a n s i e n t  amide  

f o rm e d  i s  r e p o r t e d  t o  be  e x t r e m e l y  f a s t  u n d e r  t h e  c o n d i t i o n s
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s t u d i e d .  However  i t  may h a v e  b e e n  t h a t  t h i s  t r a n s i e n t

am ide  was t h e  s p e c i e s  b e i n g  s t u d i e d  i n  t h e  f i r s t  s t e p .
88Work on t h e  h y d r o l y s i s  o f  a f o rm a m id in iu m  compound, 

d i p h e n y l i m i d a z o l i n i u m  c h l o r i d e ,  w here  n o n - l i n e a r  pH r a t e  

p r o f i l e s  h a v e  b e e n  o b s e r v e d ,  h a v e  shown t h e  p r e s e n c e  o f  an  

i n t e r m e d i a t e  b y  s t o p p e d  f lo w  s p e c t r o s c o p y .  The i n i t i a l  

i n c r e a s e  i n  U.V. a b s o r p t i o n  f o l l o w e d  by  a s l o w e r  d e c r e a s e  

c h a r a c t e r i s t i c  o f  a two s t e p  r e a c t i o n  was o b s e r v e d ,  t h e  

i n i t i a l  i n c r e a s e  b e i n g  v e r y  s u s c e p t i b l e  t o  pH. The r e s u l t s  

h a v e  b e e n  i n t e r p r e t e d  as  an  i n i t i a l  r e v e r s i b l e ,  pH s e n s i t i v e ,  

r e a c t i o n ,  f o r m i n g  a t e t r a h e d r a l  i n t e r m e d i a t e ,  w i t h  a s l o w e r  

d e c a y  t o  p r o d u c t s  w i t h  g e n e r a l  a c i d  c a t a l y s i s  ( f i g .  2 3 ) .  I n  

v i e w  o f  t h e  n e x t  exam ple  t h i s  a s s i g n m e n t  o f  t h e  t r a n s i e n t  i n t e r ­

m e d i a t e  as  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  d u r i n g  t h e  r e a c t i o n  

s h o u l d  be c a l l e d  t o  q u e s t i o n .

A r a t h e r  s t a r t l i n g  e x a m p le ,  o f  a m i s i n t e r p r e t e d  s u g g e s t -  
135i o n  o f  a  t e t r a h e d r a l  i n t e r m e d i a t e ,  i s  t h e  o b s e r v a t i o n  i n  

t h e  h y d r o l y s i s  o f  1 , 2 - d i p h e n y l - 3 - m e t h y l i m i d a z o l i n i u m  i o d i d e  

o f  i n i t i a l l y ,  by  t h i n  l a y e r  c h r o m a t o g r a p h y  ( T . L . C . ) ,  a s i n g l e  

s p o t  R^ «  0 ;  t h e  a p p e a r a n c e  o f  a s e c o n d  s p o t  a f t e r  2—3 m i n u t e s ,  

R^ 0 . 1 ,  an d  f i n a l l y  t h e  o b s e r v a t i o n  o f  a t h i r d  s p o t ,  t h e  

f i n a l  p r o d u c t  a f t e r  a p p r o x i m a t e l y  1 h o u r .  The o b s e r v a t i o n  

o f  t h e  s e c o n d  s p o t  ( t h e  f i r s t  was s t a r t i n g  m a t e r i a l )  a t  a 

few m i n u t e s  t i m e  i n t e r v a l  was t a k e n  as  b e i n g  t h a t  o f  t h e
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t e t r a h e d r a l  i n t e r m e d i a t e  by  r e f e r r i n g  t o  t h e  work on a  s i m i l a r  
88compound w here  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  h a d  b e e n  o b s e r ­

v e d  by s t o p p e d  f l o w .  I t  would  seem l i k e l y ,  h o w e v e r ,  t h a t  

i n  b o t h  c a s e s  t h e  o b s e r v a t i o n  o f  a t r a n s i e n t  i n t e r m e d i a t e  i s  

p r o b a b l y  due  t o  one o f  t h e  s y n -  and a n t i - t y p e  c o n f i g u r a t i o n s  

o f  t h e  amide  b e i n g  fo rm ed  f i r s t  f o l l o w e d  by a s l o w e r  f o r m a t i o n  

o f  t h e  t h e r m o d y n a m i c a l l y  more s t a b l e  i s o m e r .  I n  t h e  l a t t e r
I oc

example  t h e  p o s s i b i l i t y  o f  f u r t h e r  r e a r r a n g e m e n t  i s  ( f i g .  24)  

a p p a r e n t  ( i . e .  p r o d u c t  ( 3 ) ) .

A s i m i l a r  o b s e r v a t i o n ,  and  one o f  t h e  m os t  d e t a i l e d  s t u d i e s ,
O T-9

i s  t h e  r e a c t i o n  o f  p h t h a l i m i d i u m  p e r c h l o r a t e  i n  w e a k l y  a c i d i c  

s o l u t i o n s  w here  i t  h a s  b e e n  o b s e r v e d  by U.Y. t h a t  an i n i t i a l  

r a p i d  l o s s  o f  a b s o r b a n c e  due t o  s t a r t i n g  m a t e r i a l  i s  f o l l o w e d  

b y  a  much s l o w e r  a p p e a r a n c e  o f  p r o d u c t .  The s p e c t r u m  o b t a i n e d  

a f t e r  t h e  i n i t i a l  f a s t  d i s a p p e a r a n c e  o f  s u b s t r a t e  was f o u n d  t o  

be  v e r y  s i m i l a r  to  t h a t  o f  t h e  i s o l a t e d  s t a b l e  a d d u c t s  

(X = a l c o h o l )  and was t h e r e f o r e  a s s i g n e d  a t e t r a h e d r a l  i n t e r ­

m e d i a t e  s t r u c t u r e .  The mechanism f o r  t h i s  r e a c t i o n  i s  shown 

i n  f i g .  25 .
153I n  t h e  s t u d y  o f  enzyme c a t a l y s i s  R i c h a r d s  e t  a l  h av e  

o b s e r v e d  by  s t o p p e d  f lo w  s p e c t r o s c o p y  a  t r a n s i e n t  i n t e r m e d i a t e ,  

i n  t h e  h y d r o l y s i s  o f  Ac—L—A l a —L—P r o —L—A l a - p —n i t r o a n i l i d e  b y  

t h e  s e r i n e  p r o t e i n a s e s  e l a s t a s e  and  ff—l y t i c  p r o t e i n a s e ,  w h ic h  

h a s  b e e n  i n t e r p r e t e d  as  b e i n g  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  

fo rm ed  d u r i n g  t h e  r e a c t i o n .
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The s t u d y  b y  s t o p p e d  f lo w  methods  o f  t h e  a c i d  c a t a l y s e d
90h y d r o l y s i s  o f  o r t h o e s t e r s  h a s  been  shown by  K r e s g e  e t  a l  

t o  h y d r o l y s e  a t  s i m i l a r  r a t e s  f o r  d i f f e r i n g  a l k y l  s u b s t i t u e n t s  

( f i g .  2 6 ) ,  a t  h i g h  a c i d  c o n c e n t r a t i o n s .  At l o w e r  a c i d  

c o n c e n t r a t i o n s  an i n d u c t i o n  p e r i o d  f o r  t h e  r e a c t i o n  k i n e t i c s  

was o b s e r v e d .  S t u d i e s  on t h e  d i o x o l e n i u m  i o n s  h a v e  a l s o  

shown an  i n i t i a l  f a s t  ch an g e  i n  t h e  U#V. a b s o r p t i o n  f o l l o w e d  

by  a  s l o w e r  d e c r e a s e .  The above d a t a  h a s  b e e n  i n t e r p r e t e d  

a s  r a t e  d e t e r m i n i n g  d e c o m p o s i t i o n  o f  t h e  t e t r a h e d r a l  i n t e r ­

m e d i a t e  a t  h i g h  a c i d  c o n c e n t r a t i o n s  i n  t h e  c a s e  o f  t h e  o r t h o ­

e s t e r  s y s t e m s  and  e q u i l i b r i u m  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e  

w i t h  t h e  s a l t  i n  t h e  d i o x o l e n i u m  s a l t  h y d r o l y s i s  ( f i g .  2 7 ) .

The " f r e e "  u t i l i s a t i o n  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  i s  

no more a p p a r e n t  t h a n  i n  t h e  e x a m p le ,  d e r i v e d  as  a  s i d e  

p r o d u c t  o f  t h e  s y n t h e s i s  o f  t e t r a c y a n o t e t r a t h i o f u l v a l e n e . 

I n i t i a l l y  t h i s  "by p r o d u c t "  was g i v e n  a t e t r a h e d r a l  i n t e r ­

m e d i a t e  s t r u c t u r e 11^ ( f i g *  28) b u t  i n  a l a t e r  p a p e r 1 was 

g i v e n  a  c o m p l e t e l y  d i f f e r e n t  s t r u c t u r e  ( f i g .  2 9 ) .  N e i t h e r  

o f  t h e s e  s t r u c t u r e s  have  b e en  p r o v e d  o r  d i s p r o v e d l

The l a r g e s t  most c o m p l i c a t e d  s t a b l e  t e t r a h e d r a l  i n t e r m e d i a t e  

o b s e r v e d  t o  d a t e  i s  t e t r o d o t o x i n  ( f i g .  30) whose s t r u c t u r a l  

i l l u c i d a t i o n  was n o t  s t r a i g h t f o r w a r d  and i m m e d i a t e l y

o b v i o u s . 1 2 '* C o n f o r m a t i o n  o f  i t s  s t r u c t u r e  was f i n a l l y
126 127o b t a i n e d  b y  X—r a y  s t u d i e s  and d i r e c t  s y n t h e s i s .  Many
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130o t h e r  c a s e s ,  m  c a r b o h y d r a t e  and n a t u r a l  p r o d u c t  c h e m i s t r y ,

w h ich  w ere  i n i t i a l l y  t h o u g h t  t o  be  t e t r a h e d r a l  i n t e r m e d i a t e s

h a v e  r e f u t e d ,  h o w e v e r ,  i n  l a t e r  w o ik .  B o th  t h e  s t r u c t u r e s  
131o f  r y a n o d o l  and  g r i s e o l u t e i n  B ( f i g s .  3 1 ,  32 and  33)  h a v e  been  

132q u e s t i o n e d  and p r o b a b l y  do n o t  e x i s t  i n  t h e  t e t r a h e d r a l

fo rm ;  a l t h o u g h  t h e  l a t t e r  may be an  e q u i l i b r i u m  m i x t u r e  o f
125open  and c l o s e d  c h a i n  f o r m s .  The i n i t i a l  i s o l a t i o n  and

c h a r a c t e r i s a t i o n  o f  s a x i t o x i n  s u g g e s t e d  a t e t r a h e d r a l

i n t e r m e d i a t e  t y p e  s t r u c t u r e  b u t  t h i s  h a s  s i n c e  b e e n  r e v i s e d  ( f i g . 34
125 133b y  t h e  p r e p a r a t i o n  o f  c r y s t a l l i n e  d e r i v a t i v e s  9 and 

s u b s e q u e n t  X - r a y  work .  W h e th e r  t h e  f o r m a t i o n  o f  t h e  

c r y s t a l l i n e  m a t e r i a l  r e s u l t e d  i n  t h e  l o s s  o f  t h e  t e t r a h e d r a l  

i n t e r m e d i a t e  s t r u c t u r e  i s  q u e s t i o n a b l e .

W hile  I . R .  s p e c t r o s c o p i c  d a t a  s u g g e s t s  t h e  h e m i o r t h o e s t e r
-1 A

s t r u c t u r e  o f  t h e  fo rm y l  d e r i v a t i v e  o f  3 a -b e n z y la m in o -5 [ 3 -  

p ro g n a m e-2 0 0  2 1 - d i o l  ( f i g *  35)  i t  seems an u n l i k e l y  s t r u c t u r e  

i n  v i e w  o f  t h e  l a c k  o f  any  s t a b i l i s i n g  f a c t o r s  f o l l o w i n g  t h e  

c y c l i c  s t r u c t u r e  o v e r  t h e  no rm a l  open c h a i n  e s t e r / a l c o h o l .  

S t r u c t u r a l  c o n s i d e r a t i o n s  o f  s t e r i c  i n t e r a c t i o n s  by t h e  u s e  

o f  m ode ls  w ou ld  a p p e a r  t o  d i s f a v o u r  any l i k e l y  c y c l i s a t i o n  

and  i n  v i e w  o f  t h e  work c a r r i e d  o u t  i n  t h i s  t h e s i s  on t h e  

2- h y d r o x y - 1 , 3 - d i o x o l a n  s y s t e m  t h e  a c y c l i c  s t r u c t u r e  seems 

t h e  more l i k e l y .
97W hile  t h e  m o n o c h l o r o a c e t i c  a c i d  e s t e r  o f  e t h y l e n e  g l y c o l

97 98
showed o n l y  e s t e r  c h a r a c t e r  t h e  d i c h l o r o  and t r i c h l o r o a c e t i c
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a c i d  e s t e r s  h a v e  shown c h e m i c a l  p r o p e r t i e s ,  e . g .  r e a c t i o n
9 7  9 9

w i t h  d i a z o m e t h a n e , * w h ich  s u g g e s t  t h a t  t h e y  e x i s t  i n

e q u i l i b r i u m  w i t h  t h e  h e m i o r t h o e s t e r  s p e c i e s .  The e x t e n t  

o f  t h i s  e q u i l i b r i u m  i n  f a v o u r  o f  t h e  t e t r a h e d r a l  i n t e r ­

m e d i a t e  i s ,  h o w e v e r ,  q u e s t i o n a b l e  c o n s i d e r i n g  t h a t  a  s l i g h t  

d i s p l a c e m e n t  i n  t h e  e q u i l i b r i u m ,  e . g .  t h e  r e a c t i o n  w i t h  

d i a z o m e t h a n e ,  c o u l d  r e s u l t  i n  an u n f a i r  a n a l y s i s  o f  i t s  

p r o p e r t i e s  v i a  t h e  f o r m a t i o n  o f  2 - m e t h o x y - l , 3 - d i o x o l a n .

The s u b s e q u e n t  s t u d y  o f  p i n a c o l ^ ^ ^  e s t e r s  o f  t r i c h l o r o  and 

t r i f l u o r o a c e t i c  a c i d s  by  N.M.R. , h o w e v e r ,  h av e  shown q u i t e  

c o n c l u s i v e l y  t h a t  t h i s  e q u i l i b r i u m  does  e x i s t ,  w i t h  t h e  

s o l v e n t  p l a y i n g  a v e r y  i m p o r t a n t  p a r t  i n  d e c i d i n g  t h e  

p a r t i t i o n i n g  ( f i g .  3 6 ) .

The r e l a t e d  p r e c u r s o r  ( f i g .  37 )  h a s  b e e n  s t u d i e d  i n  a

s i m i l a r  m an n e r  and  h a s  b ee n  shown t o  e x i s t  p r e d o m i n a n t l y  i n

117t h e  t e t r a h e d r a l  i n t e r m e d i a t e  fo rm .

D i r e c t  N.M.R. and  U.V. s p e c t r a l  d a t a  h av e  a l s o  p r o v i d e d
105e v i d e n c e  f o r  t h e  a p p r e c i a b l e  h y d r a t i o n  o f  N - t r i f l u o r o -  

a c e t y l p y r r o l e  i n  aqueous  a c e t o n i t r i l e  ( f i g .  3 8 ) .  I n  a c e t o -  

n i t r i l e  o n l y  two s i g n a l s  i n  t h e  N.M.R. e x i s t  f o r  t h e  p r o t o n s  

on t h e  p y r r o l e  r i n g .  I n  aq u eo u s  a c e t o n i t r i l e ,  h o w e v e r ,  a 

f u r t h e r  two s i g n a l s  a r e  o b s e r v e d  i n i t i a l l y  w h ich  c a n n o t  be  

a t t r i b u t e d  t o  t h e  p r o d u c t s  o b t a i n e d  f rom  s low h y d r o l y s i s .

The U.V. s p e c t r u m  a l s o  c o n t a i n e d  an e x t r a  p ea k  w h ic h  c a n n o t
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be  a s s i g n e d  t o  t h e  h y d r o l y s e d  m a t e r i a l .  T h i s  d a t a  was 

t h e r e f o r e  a t t r i b u t e d  t o  t h e  h y d r a t e d  s p e c i e s  w h ic h  s h o u l d  

be p r e s e n t  a s  a r e a c t i v e  i n t e r m e d i a t e  on t h e  r e a c t i o n  

p a t h w a y .

W hi le  oxygen  -► n i t r o g e n  a c y l  m i g r a t i o n , a n d  

s i m i l a r  r e a c t i o n s ,  hav e  b e e n  p o s t u l a t e d  t o  o c c u r  v i a  T . I . s  

t h e  d i r e c t  e v i d e n c e  f o r  t h i s  a s s u m p t i o n  h a s  b e e n  s l i m .  The 

o b s e r v a t i o n  and i s o l a t i o n ,  t h e r e f o r e ,  o f  t h e  T . I .  i n v o l v e d  

i n  t h e  a c y l  t r a n s f e r  h a s  b e e n  t h e  f i r s t  d i r e c t  e v i d e n c e .

The e q u i l i b r i u m  i s  s u c h  t h a t  d i r e c t  i s o l a t i o n  and  c h a r a c t e r ­

i s a t i o n  c o u l d  be c a r r i e d  o u t  ( s e e  f i g .  39)*
m  m  1 0 8The T . I .  o b t a i n e d  f rom  t h e  i n t r a m o l e c u l a r  a c y l  t r a n s f e r  

o f  m o n o - 5 - a c y l a t e d  1 , 8 - n a p h t h a l e n e d i t h i o l  ( f i g .  40 )  h a s  a l s o  

b e en  i s o l a t e d  b u t  h as  b e e n  fo u n d  o n l y  to  be s t a b l e  i n  t h e  

s o l i d  c r y s t a l l i n e  fo rm .  Whereas t h e  I . R .  s p e c t r u m  o f  t h e  

s o l i d  shows a s t r o n g  h y d r o x y l  bond and no c a r b o n y l  o r  t h i o l  

s t r e t c h e s  t h e  c o r r e s p o n d i n g  s p e c t r u m  i n  c h l o r o f o r m  shows 

t h e  r e v e r s e .  I t  was c o n c l u d e d ,  t h e r e f o r e ,  t h a t  s i n c e  t h e  

N.M.R. showed o n l y  a  t h i o l  p e ak  and no a l c o h o l s  e x c e p t  when 

i m m e d i a t e l y  r e c r y s t a l l i s e d  f rom  m e th a n o l  t h a t  t h e  c r y s t a l l ­

i s a t i o n  was enough t o  s t a b i l i s e  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  

f o rm .  F u r t h e r  work  w i t h  s u b s t i t u e n t s  on b o t h  t h e  b e n z e n e  

and  n a p h t h a l e n e  r i n g s  s h o u l d  c o n f i r m  t h i s  by p o s s i b l y  s t a b i l ­

i s i n g  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  f u r t h e r .
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The s t u d y  o f  N - h y d r o x y a l k y l  c a r b o x a m id e s  and  t h e i r

r e s u l t i n g  c y c l i s a t i o n  by  i n t r a m o l e c u l a r  a d d i t i o n  h a s  b e e n
109e f f e c t i v e l y  su m m a r i s e d  by De W olfe .

W hile  m o s t  c y c l i s e d  form s  o f  t h e  t y p e  shown,  ( s e e  f i g .  4 1 )  

a r e  u n s t a b l e ,  as  com pared  to  t h e  open c h a i n  fo rm ,  s e v e r a l  

exam p les  e x i s t  w here  s t a b i l i s a t i o n  r e s u l t s  i n  t h e  e q u i l i b r i u m  

b e i n g  d i s p l a c e d  p a r t l y  o r  c o m p l e t e l y  t o w a r d s  t h e  t e t r a h e d r a l  

i n t e r m e d i a t e  f o rm .  P r o b a b l y  t h e  b e s t  known e x am p les  o f  

t h e s e  s t a b l e  t e t r a h e d r a l  i n t e r m e d i a t e s  ( c y c l o l s )  a r e  t h e  

e r g o t  a l k a l o i d s ' * -̂  an^ r h e t s i n e n e ^ ^  w h ich  hav e  b e e n

d e m o n s t r a t e d  t o  h a v e  t h e  g e n e r a l  s t r u c t u r e s  shown ( f i g s .  42 & 43)

Work by s e v e r a l  e x p e r i m e n t a l i s t s  on s t r u c t u r a l  f a c t o r s  a f f e c t i n g  

t h e  e q u i l i b r i u m  and i s o m e r i s a t i o n  b e tw e e n  t h e  v a r i o u s  s p e c i e s  

h a v e  r e s u l t e d  i n  t h e  d e d u c t i o n s  t h a t  t h e  p r e s e n c e  o f  a  c a r b o n y l  

e x o c y c l i c  t o  l a c t a m  r i n g  s t a b i l i s e s  t h e  c y c l o l  as  com pared  

t o  t h e  o p e n  c h a i n  form ( s e e  f i g . 4 5 ) .  The l a c k  o f  t h i s  

a c t i v a t i n g  s p e c i e s  ( f i g .  44) o r  t h e  p r e s e n c e  o f  i t  i n  t h e  

siame r i n g  as  t h e  l a c t a m  ( f i g .  46) r e s u l t s  i n  no c y c l i s a t i o n .

The s i z e s  o f  b o t h  r i n g s  ( v a l u e s  o f  m ,n)  g r e a t l y  a f f e c t  t h e  

s t a b i l i t y  o f  t h e  c y c l o l  and  can  r e s u l t  i n  no i s o m e r i s a t i o n  i f  

b o t h  m and  n a r e  s m a l l  o r  t h e  f o r m a t i o n  o f  t h e  m a c r o c y c l e  i f  

m and n a r e  l a r g e  ( g e n e r a l l y  o c c u r s  when t h e r e  a r e  more t h a n  

11 a tom s i n  t h e  r i n g ) .  The o b s e r v a t i o n  o f  e q u i l i b r i u m  

m i x t u r e s  o c c u r s  i n  t h e  i n t e r v e n i n g  p e r i o d  w i t h  t h e  p o s s i b l e
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p r e f e r r e d  s t a b i l i s a t i o n  o f  c y c l o l  ( f i g .  4 7 ) .  The g e n e r a l

l a c k  o f  r e a c t i v i t y  o f  t h e  s m a l l e r  r i n g e d  s y s t e m s  i s  p r o b a b l y

due t o  a  c o m b i n a t i o n  o f  s t e r i c  e f f e c t s  and r e d u c e d  e l e c t r o -

p h i l i c i t y  o f  t h e  c a r b o n y l  c h a r a c t e r i s t i c  o f  5 and s m a l l e r

membered r i n g s .  The i s o l a t i o n  o f  c y c l o l  s y s t e m s  w here  X

i s  s u l p h u r ^ ^ ^  o r  n i t r o g e n ^ ^  h a s  p r o d u c e d  many o t h e r  i n t e r e s t i n g

s t a b l e  s p e c i e s  ( s e e  f i g u r e s  48 a n d 49) .  The g e n e r a t i o n  o f
112s i m i l a r  n o v e l  compounds,  w h ich  a r e  n o t  t e t r a h e d r a l  i n t e r ­

m e d i a t e s ,  by  i r r a d i a t i o n ,  e m p h a s i s e s  t h e  s t a b i l i s i n g  e f f e c t  

o f  t h e  c a r b o n y l  ( s e e  f i g .  50) .

V i t h  t h e  a d v e n t  o f  modern a n a l y t i c a l  t e c h n i q u e s  t h e  

e v i d e n c e  f o r  t h e  o c c u r r e n c e  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  h a s  

i n c r e a s e d .  The Raman s p e c t r a  o f  s o l u t i o n s  o f  b e n z o y l  c h l o r i d e

and s u l p h u r i c  a c i d  h a s  p e r m i t t e d  t h e  d e m o n s t r a t i o n  o f  t h e  
151e q u i l i b r i u m  o f  t h e  a d d i t i o n  i n t e r m e d i a t e  w i t h  i t s  s a l t  

( f i g .  5 1 ) •  A s i m i l a r  t y p e  o f  r e a c t i o n  h a s  shown t h e  p r e s e n c e  

o f  s o l e l y  t h e  a d d i t i o n  i n t e r m e d i a t e ^ ^  ( f i g *  5 2 ) .

The s t r u c t u r e s  o f  s e v e r a l  o t h e r  t e t r a h e d r a l  i n t e r m e d i a t e s  

a r e  s u m m a r i s e d  i n  f i g u r e s  53 to  57.
123The r e a c t i o n s  o f  t h i o l s  w i t h  c a r b o n y l  c y a n i d e  h a s  

p r o d u c e d  a  v e r y  i n t e r e s t i n g  i n t e r m e d i a t e  s p e c i e s  ( f i g .  58) 

d i c y a n o l h y d r i n s ) w h ich  i n  some c a s e s  have  b e e n  i s o l a t e d  i n  a 

c r y s t a l l i n e  f o rm .
124 iF i n a l l y  t h e  i s o l a t i o n  o f  m e t h a n e t r i t h i o l  v th e  t n t h i o  — 

o r t h o f o r m i c  a c i d )  by s t e p w i s e  d e a c y l a t i o n  o f  m e t h a n e t r i t h i o l ,
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a t  - 3 0 ° C ,  i s  p r o b a b l y  t h e  f i r s t  example  of  t h e  o b s e r v a t i o n

and  c h a r a c t e r i s a t i o n  o f  an o r t h o a c i d *  t h e s e  s p e c i e s  h a v i n g

b e e n  o f t e n  p o s t u l a t e d  as  low c o n c e n t r a t i o n  u n s t a b l e  s p e c i e s .

W hi le  n o t  d i r e c t l y  r e l e v a n t  t o  t h e  s t u d y  o f  t e t r a h e d r a l

i n t e r m e d i a t e s  t h e  n u c l e o p h i l i c  a d d i t i o n  e q u i l i b r i u m  o f

a l k o x i d e  t o  p h o s p h o r o u s  to  g i v e  a p e n t a c o v a l e n t  s p e c i e s ,

a n a l o g o u s  t o  a  t e t r a h e d r a l  i n t e r m e d i a t e  h a s  b e e n  s u g g e s t e d

to  h a v e  b e e n  o b s e r v e d  as  an a c i d / b a s e  e q u i l i b r i u m  by ^ P

N.M. R. ( f i g .  5 9 ) .  S i m i l a r  s t u d i e s  o f  two o t h e r  p e n t a v a l e n t

i n t e r m e d i a t e s ' ^ ^ 9  ̂ h a v e  a l s o  b e e n  p o s t u l a t e d  ( f i g s .  60
31and 6 1 ) .  W hi le  a good c o r r e l a t i o n  o f  t h e  P N.M. R. c h e m ic a l

104  152s h i f t s  f o r  t h e  f i r s t  two s p e c i e s  ’ can  be s e e n ,  t h e
12 2 ( 8/)l a t t e r  s p e c i e s ,  i s o l a t e d  as  t h e  s a l t  a d i f f e r s  g r e a t l y

104from  t h e  o t h e r  p h o s p h o r o u s  i n t e r m e d i a t e  r e p u t e d  t o  be 

s t a b i l i s e d  b y  t r i e t h y l a m i n e  ( t a b l e  2 ) .  These  r e s u l t s ,  

t h e r e f o r e ,  may be s l i g h t l y  i n  q u e s t i o n .

TABLE 2

31p s h i f t  o f  p e n t a v a l e n t  Open C h a in  S p e c i e s  

i n t e r m e d i a t e

Ref 104 28 -  12

Ref 152 27 -  6 . 7

Ref 1 2 2 ( a )  - 5 0 . 5  ( s t a b i l i s e d  as  i o n )
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S t e r e o e l e c t r o n i c  C o n t r o l  o f  P r o d u c t s
137The o b s e r v a t i o n  by  E l i e l  and N ader  t h a t  t h e  r e a c t i o n  

o f  s u b s t i t u t e d —2—a l k o x y —1 , 3—d i o x a n e s  w i t h  Grr ignard  r e a g e n t s  

r e s u l t e d  i n  p r e f e r e n t i a l  r e a c t i o n  o f  t h e  o r t h o e s t e r  which  

h a d  a  f i x e d  a x i a l  g r o u p ,  r a t h e r  t h a n  t h e  e q u a t o r i a l  i s o m e r ,  

l e d  t o  an  i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  as  a s s i s t a n c e ,  by  

t h e  l o n e  p a i r s  o f  t h e  1 , 3 - d i o x a n e  o x y g e n s ,  o f  t h e  l o s s  o f  t h e  

a l k o x y  f u n c t i o n  ( f i g .  62 and t a b l e  3 ) .  The a p p a r e n t  l a c k  o f  

r e a c t i v i t y  o f  t h e  e q u a t o r i a l  2 - a l k o x y  g r o u p ,  u n d e r  n o n - f o r c i n g  

c o n d i t i o n s ,  c o u l d  t h e n  be r a t i o n a l i s e d  as  t h e  l a c k  o f  oxygen  

p a i r s  a n t i - p a r a l l e l  ( a n t i p e r p l a n a r ) to  t h e  l e a v i n g  g r o u p .

T h is  e f f e c t  can  be v ie w e d  as  b e i n g  s i m i l a r  to  an  E2 t y p e  

mechanism w here  t h e  e f f e c t i v e  k i c k i n g  o u t  o f  t h e  g r o u p  i s  

o b s e r v e d  ( f i g .  6 3 ) .
139K ing  and  A l l b u t t ,  i n  t h e i r  s t u d y  o f  f u s e d  d i o x o l e n i u m  

i o n s ,  o b s e r v e d  t h a t  t h e  r e a c t i o n  w i t h  h a l i d e  i o n s  r e s u l t e d  

i n  p r e d o m i n a n t l y  t h e  d i a x i a l  i s o m e r  r a t h e r  t h a n  t h e  d i e q u a -  

t o r i a l  s p e c i e s  by  a t t a c k  a t  p o s i t i o n s  4 and 5 o f  t h e  d i o x o l a n  

r i n g .  (The d i o x o l a n  r i n g s  a r e  numbered  t o  g i v e  t h e  oxygens  

t h e  l o w e s t  p o s s i b l e  v a l u e s  i . e .  i n  t h i s  c a s e  1 , 3 —d i o x o l a n ).

The r e a c t i o n s  o f  a l c o h o l  and  w a t e r ,  h o w ev er ,  gave t h e  p r o d u c t s  

o b t a i n e d  f ro m  a t t a c k  a t  p o s i t i o n  2 w i t h  b reak d o w n  to  p r e ­

d o m i n a n t l y  t h e  a x i a l  e s t e r  when w a t e r  was t h e  n u c l e o p h i l e  

( f i g .  6 4 ) .  A t t a c k  o f  t h e  ROH f u n c t i o n  on t h e  C - l  c a r b o n  

was c o n s i d e r e d  to  o c c u r  i n i t i a l l y  p e r p e n d i c u l a r  t o  t h e  common
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p l a n e  o f  t h e  c a r b o n  and o x y g en s  so t h a t  t h e  i n i t i a l  and  f i n a l  

t r a n s i t i o n  s t a t e s  a r e  a s  shown i n  f i g .  6 5 .  A s i m p l e  r e v e r s e  

o f  t h i s  r e a c t i o n  would  n e c e s s a r i l y  i n v o l v e  t h e  l o w e s t  p o s s i b l e  

e n e r g y  a n d  h e n c e  t h e  maximum s t a b i l i s a t i o n  o f  any  c h a r g e  

would  be r e q u i r e d .  T h is  i s  o b t a i n e d  by  h a v i n g  oxygen  e l e c t r o n  

p a i r s  a n t i  ( a n t i p e r i p l a n a r ) t o  t h e  l e a v i n g  g ro u p  so t h a t  t h e  

r e v e r s e  s t e p s  r e a c h  maximum s t a b i l i t y  ( f i g .  6 6 ) .

T h i s  i d e a  t h a t  p a r t i c i p a t i o n  o f  a n t i p e r i p l a n a r  o r b i t a l s

g i v i n g  g r e a t e r  s t a b i l i t y  h a s  b e en  t h e  b a s i s  o f  t h e  work o f  
136D e s lo n g ch am p s  w h ic h  i s  d i v i d e d  up i n t o  a number  o f  d i f f e r ­

e n t  a r e a s .

The o z o n o l y s i s  o f  a c e t a l s  r e s u l t s  i n  t h e  f o r m a t i o n  o f  

e s t e r  and  a l c o h o l  f u n c t i o n s .  I n  h i s  f i r s t  p a p e r ,  D e s l o n g ­

champs a s su m es  t h e  e x i s t e n c e  o f  an i n t e r m e d i a t e  f rom  t h e  

i n s e r t i o n  o f  o zone  i n t o  t h e  C-H bond  o f  t h e  a c e t a l J

" I t  i s  a ssum ed  t h a t  t h i s  r e a c t i o n  p r o c e e d s  v i a  i n s e r t i o n  

o f  ozone  i n  t h e  C-H bond o f  t h e  a c e t a l s  to  g i v e  a  h y d r o t r i o x i d e

i n t e r m e d i a t e ..............w h ich  t h e n  g i v e s  t h e  c o r r e s p o n d i n g  e s t e r

and a l c o h o l  f u n c t i o n s " .  a  ̂ T h is  a s s u m p t i o n  i s  u s e d ,

t o g e t h e r  w i t h  a  f u r t h e r  a s s u m p t i o n  t h a t  a t e t r a h e d r a l  i n t e r ­

m e d i a t e  i s  e q u i v a l e n t  to  t h e  h y d r o t r i o x i d e  s p e c i e s ,  i n  a l l  

t h e  o z o n o l y s i s  w ork .  I n  one p a p e r  t h r e e  v a r i a t i o n s  o f  t h i s  

i d e a  a r e  p r e s e n t e d :
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"We h a v e  r e c o g n i s e d  v e r y  e a r l y  d u r i n g  o u r  work  t h a t  t h e  

i n t e r m e d i a t e  w h ic h  i s  f o rm ed  d u r i n g  t h e  o x i d a t i o n  o f  a c e t a l s  

i s  e i t h e r  i d e n t i c a l  o r  e q u i v a l e n t  to  a h e m i o r t h o e s t e r  w h ich  i s  

t h e  t e t r a h e d r a l  i n t e r m e d i a t e  fo rm ed  d u r i n g  t h e  t r a n s e s t e r i f i -  

c a t i o n  o f  e s t e r s ” .

" I t  i s  l i k e l y  t h a t  i t  p r o c e e d s  v i a  t h e  i n s e r t i o n  o f  ozone  

i n t o  t h e  C-H bond o f  t h e  a c e t a l  f o r m i n g  an  i n t e r m e d i a t e . . . . ” .

"We c o n c l u d e  t h a t  t h e  o z o n o l y s i s  o f  a c e t a l s  d o u b t l e s s

p r o c e e d s  v i a  t h e  f o r m a t i o n  o f  an i n t e r m e d i a t e  a n a l o g o u s  t o  a
, . „ 1 3 6 ( d )h e m i o r t h o e s t e r  .

I t  i s  o n l y  r e c e n t l y  t h a t  t h e  e x i s t e n c e  o f  h y d r o t r i o x i d e s ' * ' ^

h a s  b e e n  shown and h a s ,  p a r t l y ,  q u e l l e d  t h e  a rg u m e n t  o f
141p o s s i b l e  r a d i c a l  m ech an ism s .  The s t a b i l i t y  o f  t h e s e  h y d r o ­

t r i o x i d e s  a r e  s u c h  t h a t  t h e y  a r e  o b s e r v e d  o n l y  a t  l o w e r  

t e m p e r a t u r e s ,  up t o  - 1 0 ° C ,  and h a v e  b e en  shown to  be i n t r a -  

m o l e c u l a r l y  h y d r o g e n  b o n d e d .  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  

t h e  o r i e n t a t i o n  o f  t h e  l o n e  p a i r s  and h e n c e  t h e  b reakdow n  i s  

c o n t r o l l e d  by  t h i s  i n t r a m o l e c u l a r  b o n d i n g .

The o z o n o l y s i s  o f  some a c e t a l s ^ ^ k ^  hag been  shown t o  

g iv e  a v a r i e t y  o f  p r o d u c t s  and t h i s  h a s  l e d  to  t h e  s u g g e s t i o n  

t h a t  b rea k d o w n  o f  t h e  e x p e c t e d  h y d r o t r i o x i d e  o c c u r s  v i a  b o t h  

a c y c l i c  n o n - r a d i c a l  p a th w ay  and a l s o  v i a  a r a d i c a l  p r o c e s s  

( f i g .  6 7 ) .
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D es longcham ps  h a s  s t u d i e d  t h e  o z o n o l y s i s  o f  b o t h  c y c l i c  

and  a c y c l i c  a c e t a l s ,  t h e  f o r m e r  b e i n g  f o u n d  t o  r e a c t  much more 

rap id ly  ( f i g . 68) .  The o n l y  p r o d u c t  f o r  t h e  o z o n o l y s i s  o f

2 - e t h o x y t e t r a h y d r o p y r a n  was t h e  open  c h a i n  e s t e r .  S i m i l a r l y

i n  t h e  r e a c t i o n  o f  ozone w i t h  cx— and (3—a c e t y l a t e d  g l u c o p y r a n —

o x i d e s  o n l y  t h e  P -anom er  r e a c t e d  ( f i g .  6 9 ) .  C o n s i d e r a t i o n

o f  a l l  t h e  p o s s i b l e  s t e r e o c h e m i s t r i e s  o f  t h e  a c e t a l s  and  o f  

t h e  o z o n o l y s i s  o f  s e v e r a l  model compounds ( f i g s .  7 0 - 7 2 )  r e s u l t e d  

i n  t h e  p o s t u l a t i o n  o f  t h e  r e q u i r e m e n t  t h a t  each  a c e t a l  o xygen  

was r e q u i r e d  to  h av e  a l o n e  p a i r  a n t i p e r i p l a n a r  t o  t h e  C-H 

bond  w h ic h  was b r o k e n .  S i m i l a r l y ,  s i n c e  t h e  r e a c t i o n  o f  

2 - e t h o x y t e t r a h y d r o p y r a n  gave o n l y  one p r o d u c t  t h e  i n t e r ­

m e d i a t e  fo rm e d  m u s t  b reak d o w n  i n  a s t e r e o s p e c i f i c  m a n n e r .

W hile  t h e  D e s lo n g c h a m p s ’ t h e o r y  r e q u i r e s  t h a t  any  

t r a n s i t i o n  s t a t e / i n t e r m e d i a t e  does  n o t  e x i s t  l o n g  enough f o r  

any  m o l e c u l a r  r o t a t i o n  to  t a k e  p l a c e ,  t h e  o b s e r v a t i o n  o f  

r e l a t i v e l y  s t a b l e  h y d r o g e n - b o n d e d  h y d r o t r i o x i d e s  e a s i l y  

accom m odates  a l l  t h e  p r e c e d i n g  e v i d e n c e  g i v e n  t h a t  t h e  

h y d r o g e n - b o n d i n g  i s  more l i k e l y  t o  o c c u r  i n  a r i g i d  r a t h e r  

t h a n  ’’f r e e l y  r o t a t i n g ” s y s t e m .  . I n  t h e  c a s e  o f  2 - e t h o x y t e t r a -  

h y d r o p y r a n  any  h y d r o g e n - b o n d i n g  w i l l  o n l y  o c c u r  i n t o  t h e  

c y c l i c  s y s t e m  ( f i g .  7 3 ) ;  t h e  l i k e l i h o o d  o f  e x o c y c l i c  h y d r o g e n  

b o n d in g  b e i n g  t h e r m o d y n a m i c a l l y  u n s t a b l e .  The r e s u l t a n t  

p r o d u c t s  w i l l  t h e r e f o r e  be o n l y  o r  v e r y  p r e d o m i n a n t l y  t h e
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TABLE 4

X Y >  * 
1o s o l v e n t

R = ch3 PhCO

OH

OH

PhCO

60

40
CCX.4

R = CH3 CO PhCO

OH

OH

PhCO

85

15
g l a c i a l  a c i d  a c i d

R = CH^C.H 3 6 AS 0 A4 4 PhCO

OH

OH

PhCO

0

100
g l a c i a l  a c i d  a c i d

*
No' o t h e r  p r o d u c t s  were  n o t e d :  'T o t a l  y i e l d  p e r  r e a c t i o n  «J.OOfo.

R =
CH2

Bi - > X = OH; I = PhCO

V X = PhCO; Y = OH main  p r o d u c t

R = CH3 C0

Bi X = OH; Y = PhCO

\ X = PhCO; Y = OH m ain p r o d u c t2 r

R = CH-C.H. 3 6 SO 4 2

Bi - > X = OH; X = PhCO main p r o d u c t

B^ \ X = .PhCO; Y = OH2 -------7
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o p e n  c h a i n  fo rm  ( f i g .  73)* The s t a b i l i s a t i o n  e n e r g y  r e q u i r e d  

t o  s t o p  r o t a t i o n  a b o u t  t h e  e x o c y c l i c  o x y g e n - a l k y l  bond would 

be  v e r y  much l e s s  t h a n  any  g a i n e d  f rom f o r m a t i o n  o f  t h e  r i n g .  

S y n t h e s i s  o f  a s t r u c t u r e  s i m i l a r  t o  t h e  t r a n s - 1 , 8 - d i o x a o c t a -  

h y d r o n a p h t h a l e n e  would  show c l e a v a g e  o f  b o t h  C-0 bonds  by  

t h e  o b s e r v a t i o n  o f  two d i f f e r e n t  p r o d u c t s  f ro m  t h e  two d i f f e r ­

e n t  c l e a v a g e s  o f  t h e  b i c y c l i c  r i n g s  ( s e e  f i g .  7 4 )  b u t  w o u ld  

n o t  r e s o l v e  t h e  s i t u a t i o n .

I n i t i a l  a d d i t i o n  o f  ozone  can  be c o n s i d e r e d  a s  h e t e r o l y t i c  

c l e a v a g e  t o o  f o r  a c a r b e n iu m  and h y d r i d e  i o n  ( t h e  h y d r i d e  i o n  

b e i n g  p o s s i b l y  bo n d ed  t o  t h e  o z o n e )  i n  w h ic h  c a s e  t h e  c o n ­

d i t i o n s  o f  a n t i p e r i p l a n a r  o r b i t a l s  a p p l y  ( s e e  work o f  E l i e l
137 14 2( )and  n a d e r ,  e t c . )  o r  t h e  m echanism  o f  P r i c e  and  Tumolo a

c o u l d  t a k e  p l a c e  w here  p a r t i a l  e f f e c t s  o f  a n t i p e r i p l a n a r

o r b i t a l s  a s s i s t  c l e a v a g e  ( s e e  f i g .  75)*  While  i t  h a s  b e e n

s a i d  t h a t  m o l e c u l e s  where  o n l y  one a n t i p e r i p l a n a r  o r b i t a l  i s

p r e s e n t  do n o t  r e a c t  w i t h  o z o n e ,  i t  i s  l i k e l y  t h a t  u n d e r  more

f o r c i n g  c o n d i t i o n s  t h e y  w i l l  i n  f a c t  r e a c t  when f u r t h e r  s t e r i c

f a c t o r s  o c c u r .

O z o n o l y s i s  o f  t h e  r i g i d  b i c y c l i c  s y s te m s  ( f i g .  7 6 )  (A) 

and (B) c a n  be  e x p l a i n e d  by  t h e  u t i l i s a t i o n  o f  h y d r o t r i o x i d e s .  

The r e s u l t s  o f  o z o n o l y s i s  o f  (B) a r e  g i v e n  i n  t a b l e  4 # ^

W hile  t h e  d a t a  i s  f a r  f rom  c o m p l e t e  one can  r a t i o n a l i s e  t h e  

r e s u l t s  a s  b e i n g  due t o  two c o n s i d e r a t i o n s ,  ( a )  t h e  e a s e  o f
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TABLE 5

Summary o f  S - p e c i f i c  C l e a v a g e s

E s t e r  2 

T r a n s o i d e  

T r a n s o i d e  

T r a n s o i d e

C i s o i d e

C i s o i d e

C i s o i d e

C o n fo rm e r  ( T . I . )  

A 

B 

C 

D 

E 

F 

G 

H 

I

E s t e r  3

C i s o i d e  

T r a n s o i d e  

C i s o i d e  

C is  o i d e  

T r a n s o i d e

C i s o i d e

T r a n s o i d e

V i l l  o n l y  o c c u r  a s  a  h i g h e r  e n e r g y  s p e c i e s
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f o r m a t i o n  o f  t h e  h y d r o g e n  bond  o f  t h e  h y d r o t r i o x i d e  t o  t h e  

r i n g  oxygens  and ( b )  t h e  s t a b i l i s a t i o n  g a i n e d  f ro m  l o s s  o f  

s t e r i c  i n t e r a c t i o n s .  The f o r m a t i o n  o f  t h e  h y d r o t r i o x i d e  

w ou ld  be e x p e c t e d  t o  r e s u l t  i n  a s m a l l e r  i n c r e a s e  i n  e n e r g y  

due t o  l o s s  o f  s t e r i c  i n t e r a c t i o n s  t h a n  w ou ld  w here  t h e  

b e n z o a t e  e s t e r  fo rm ed  w ould  be f u r t h e r  f rom  t h e  u n r e a c t i v e  

r i n g .  S i m i l a r l y  any  h y d r o g e n  b o n d i n g  i n  B^ would  be  d e c ­

r e a s e d  as  s t e r i c  and b u l k  e f f e c t s  o f  t h e  R g r o u p s  i n c r e a s e d .

When R = CH^ and CH^CO t h e  d i f f  e r e n c e  i n  b u l k  e f f e c t s  i s  v e r y  

s m a l l  t h e  s t r o n g e r  d r i v i n g  f o r c e  would  t h e n  be maximum 

s t a b i l i s a t i o n  o f  t h e  p r o d u c t  i . e .  r o u t e  B^.  Vhen 

R = CH^C^H^SO^ h o w e v e r  t h e  a b i l i t y  t o  fo rm  B^ i s  v e r y  w e l l  

i m p a i r e d  b y  t h i s  l a r g e  g ro u p  so t h a t  B^ w ould  be t h e  m ain  

m ech an ism .  ( N o t e .  No a c c o u n t  h a s  b e en  t a k e n  o f  i n d u c t i v e  

o r  any  o t h e r  e f f e c t s  and f o r  an y  t r u e  c o n s i d e r a t i o n  a much 

more d e t a i l e d  s t u d y  i s  r e q u i r e d ) .

I n  t h e  s t u d y  o f  o r t h o e s t e r  h y d r o l y s i s  t h e  p o s t u l a t e d  h e m i ­

o r t h o e s t e r  i s  g e n e r a l l y  s u g g e s t e d  as  b e i n g  as  i n  f i g .  7 7 .

By c o n s i d e r i n g  a l l  t h e  p o s s i b l e  modes o f  b reak d o w n  D e s l o n g ­

champs showed t h a t  t h e r e  w e re  9 d i f f e r e n t  c o n f o r m a t i o n s  (w h ic h  

i n c i d e n t a l l y  can  a l s o  r e s u l t  f ro m  an a l c o h o l y s i s  r e a c t i o n  on 

an  e s t e r )  and  o f  t h e s e  9 ex am p les  h e  r e a s o n e d  t h a t ,  a s s u m in g  

t h e  r e q u i r e m e n t  o f  a n t i p e r i p l a n a r  o r b i t a l s  to  t h e  l e a v i n g  g r o u p ,  

o n l y  c e r t a i n  c o n f o r m e r s  w ould  be r e a c t i v e  ( s e e  t a b l e  5 & f i g .  7 8 ) .
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The g e n e r a l  a s s u m p t i o n s  p u t  f o r w a r d  w e r e ,  l )  any  t e t r a ­

h e d r a l  i n t e r m e d i a t e  fo rm e d  d i d  n o t  e x i s t  f o r  a n y  p e r i o d  l o n g  

enough  t o  u n d e r g o  r o t a t i o n .  2)  The g e n e r a t i o n  o f  t e t r a h e d r a l  

i n t e r m e d i a t e s  f rom o r t h o e s t e r s  o c c u r r e d  by  m i c r o s c o p i c  

r e v e r s i b i l i t y  o f  t h e  OR c l e a v a g e  r e s u l t i n g  i n  a t e t r a h e d r a l  

i n t e r m e d i a t e  o f  s i m i l a r  c o n f o r m a t i o n .  3)  I f  t h e  o r b i t a l s  a r e  

a l i g n e d  a n t i p e r i p l a n a r  b rea k d o w n  m ust  o c c u r .  I n  v i e w  o f  t h e  

p r e v i o u s  c o n s i d e r a t i o n s  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  f rom  

s t a b l e  s p e c i e s  t o  o t h e r s  w i t h  l i f e t i m e s  as  s h o r t  as  t r a n s i t i o n  

s t a t e s  some c a s e s  o n l y  w ould  a p p e a r  to  j u s t i f y  t h e  f i r s t  and 

t h i r d  a s s u m p t i o n s .  The s e c o n d  p o i n t  c a n  be v ie w e d  f rom 

c o n s i d e r a t i o n s  t h a t  i n i t i a l l y  t h e  a lk q x y b o n d  t o  t h e  c e n t r e  

c a r b o n  i s  b r o k e n  g e n e r a t i n g  a c a r b e n iu m  i o n ;  t h e  a l k q x y g r o u p  

t h e n  d i f f u s e s  away b e f o r e  a t t a c k  b y  h y d r o x i d e  o c c u r s .

W h e th e r  t h e  h y d r o x i d e  a t t a c k s  e i t h e r  s i d e  o f  t h e  c a r b e n iu m  i o n  

t h e  same p r o d u c t  ( m i r r o r  im a g e s )  i s  o b t a i n e d  i f  r o t a t i o n  o r  

ch an g e  o f  c o n f i g u r a t i o n  o f  t h e  c h a i n  t a k e s  p l a c e .  I n  c a s e s  

w here  no c o n f i g u r a t i o n a l  c h a n g e s  ca n  o c c u r  a t t a c k  i n  t h e  

r e v e r s e  d i r e c t i o n  must  o c c u r .  A f u r t h e r  a s s u m p t i o n  by  

D es longcham ps  t h a t  an o x y g e n - h y d r o g e n  bond i s  e q u i v a l e n t  i n  

e f f e c t  t o  a  l o n e  p a i r  r u l e s  o u t  any  p o s s i b i l i t y  o f  d i f f e r i n g  

r e a c t i o n s  f o r  o x y g en  h y d r o g e n  p o s i t i o n .

H y d r o l y s i s  o f  s e v e r a l  c y c l i c  o r t h o e s t e r s  and i s o l a t i o n  

o f  t h e  p r o d u c t s  ( s e e  f i g .  80 and t a b l e  6 )  gave  c o m p l e t e  e n d o -
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c y c l i c  r i n g  c l e a v a g e  ( t h i s  a u t h o r  does  n o t  n e c e s s a r i l y  a g r e e  -  

s e e  e x p e r i m e n t a l  s e c t i o n ) .  By c o n s i d e r i n g  t h e  9 p o s s i b l e  

c o n f o r m e r s  o f  d i e t h o x y t e t r a h y d r o p y r a n  D es longcham ps  d i s c o u n t e d  

f i v e  on s t e r i c  g r o u n d s .  One o f  t h e  r e m a i n i n g  f o u r ,  C, was 

d i s c o u n t e d  by  a r a t h e r  u n c o n v i n c i n g  a r g u m e n t .  The t r i c y c l i c  

o r t h o e s t e r  ( f i g .  7 9 )  w h ic h  h a d  t h e  same c o n f i g u r a t i o n  as  

c o n f o r m e r  £  was fo u n d  n o t  t o  be  r e a c t i v e  i n  a c i d  s o l u t i o n  

and  t h e r e f o r e  i t  was g e n e r a l i s e d  t h a t  a l l  C t y p e  c o n f o r m e r s  

w ere  u n r e a c t i v e .  The u n r e a c t i v i t y  o f  c o n f o r m e r  i n  t h e  t r i c y c l i c  

c a s e  i s ,  h o w e v e r ,  p r o b a b l y  due t o  t h e  f a c t  t h a t  t h e  c e n t r a l  

c a r b o n  w i l l  i n c u r  g r e a t  s t r a i n  on t h e  m o l e c u l e  i f  f o r m a t i o n  o f  

a  c a r b e n i u m  i o n  was to  t a k e  p l a c e .  D e t a i l e d  c o n s i d e r a t i o n  o f  

t h e  t h r e e  p o s s i b l y  r e a c t i v e  c o n f o r m e r s ,  A, E and F r e s u l t i n g  i n  

t h e  o b s e r v a t i o n  t h a t  w h i l e  A and F gave s o l e l y  h y d r o x y e s t e r  E 

c o u l d  a l s o  g i v e  l a c t o n e  ( f i g .  8 1 ) .  P r e v i o u s  o b s e r v a t i o n s  on 

t h e  h y d r o l y s i s  o f  t h e  c y c l i c  o r t h o e s t e r s  s u g g e s t e d  no l a c t o n e  

f o r m a t i o n  and so t h e r e f o r e  i t  was c o n c l u d e d  t h a t  t h e  r e a c t i v e  

c o n f o r m e r  E c o u l d  be e l i m i n a t e d .  I n  h i s  s e a r c h  f o r  a s i n g l e  

m echanism  f o r  t h e  b reakdow n  o f  t e t r a h e d r a l . i n t e r m e d i a t e s  o f  

c y c l i c  o r t h o e s t e r s  t h e  s t u d y  o f  r i g i d  b i c y c l i c  o r t h o e s t e r s  

h a v i n g  d i f f e r e n t  a l k o x y  g ro u p s  showed t h a t  l o s s  o f  t h e  a x i a l  

g ro u p  a lw a y s  o c c u r r e d  r e s u l t i n g  i n  t h e  c o n c l u s i o n  t h a t  r e a c t i o n  

o c c u r r e d  t h r o u g h  c o n f o r m e r  A. ( I t  s h o u l d  be n o t e d  c o n f o r m e r  E 

does  n o t  n e c e s s a r i l y  h av e  to  p r o d u c e  l a r g e  q u a n t i t i e s  o f
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l a c t o n e .  The m echan ism  can  be v ie w e d  as  p r o d u c i n g  h y d r o x y -  

e s t e r  d i r e c t l y  and  l a c t o n e  o n l y  a f t e r  p a r t i a l  r e a r r a n g e m e n t  

and  d o e s  n o t  n e c e s s a r i l y  h a v e  to  be n e g l e c t e d  e s p e c i a l l y  i f ,  

a s  D e s l o n g c h a m p s , one as sum es  b reakdow n  o c c u r s  f a s t e r  t h a n  

r e a r r a n g e m e n t ) .

The b rea k d o w n  o f  h e m i o r t h o a m i d e s , o b t a i n e d  e i t h e r  f rom  

t h e  a m i n o l y s i s  o f  e s t e r s  o r  h y d r o l y s i s  o f  i m i d a t e  s a l t s ,  c an  

s i m i l a r l y  be shown to  be d e p e n d e n t  on s t r u c t u r e .  I m i d a t e  

s a l t s  c a n  e i t h e r  h a v e  s y n  o r  a n t i  c o n f o r m a t i o n s  and  by 

c o n s i d e r i n g  t h e  s t r u c t u r e s  o f  t h e  i n t e r m e d i a t e s  i n  b a s i c  

m e d ia  ( s e e  f i g #  8 2 )  i t  can  be shown t h a t  t h e  a n t i  fo rm  i s  

l i k e l y  t o  g i v e  o n l y  e s t e r  and  a m in e .  The sy n  f o rm ,  due 

i n i t i a l l y  t o  i t s  l a c k  o f  b reak d o w n  p o t e n t i a l ,  m us t  r e a r r a n g e  

f i r s t  b e f o r e  d e c o m p o s i t i o n  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  

r e s u l t i n g  i n  t h e  p o s s i b l e  p r o d u c t  o f  b o t h  e s t e r  and  am ide .

The am ide  and a l c o h o l  p r o d u c t s  a r e  g e n e r a l l y  a c c e p t e d  as  

b e i n g  t h e  t h e r m o d y n a m i c a l l y  c o n t r o l l e d  s p e c i e s  s i n c e  u n d e r  

e q u i l i b r a t i n g  c o n d i t i o n s  e s t e r / a m i n e  p r o d u c t s  u n d e r g o  e q u i l i ­

b r a t i o n  t o  p r e d o m i n a n t l y  a m i d e / a l c o h o l . No i n f o r m a t i o n  

a b o u t  any  o r b i t a l  a s s i s t e d  b reak d o w n  o f  t h e  t e t r a h e d r a l  

i n t e r m e d i a t e  c a n  t h e r e f o r e  be o b t a i n e d  f rom  a r e a c t i o n  g i v i n g  

a m i d e / a l c o h o l  p r o d u c t s .

I n  t h e  f i r s t  e x am p les  s t u d i e d  by D es longcham ps  o f  t h e  

b a s i c  h y d r o l y s i s  o f  a n t i  i m i d a t e  s a l t s  t h e  o b s e r v e d  p r o d u c t s ,
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TABLE 7

S u b s t r a t e  P r o d u c t  Comments

1 IB o n l y  1C a f t e r  24 h o u r s

2 2B m a i n l y  2C a f t e r  1^ h o u r s

2  o n l y  No t r a c e  o f  2 £  a f t e r
5 h o u r s  i n  Na^SO^

2 22 m a i n l y  JC a f t e r  30 m i n u t e s
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c o n s i d e r i n g  t h e  most  l i k e l y  b r eak d o w n  ( s e e  f i g . 83 and t a b l e  7 )  

was t h e  f o r m a t i o n  o f  e s t e r / a m i n e  p r o d u c t s  w i t h  i n  some c a s e s  

i n c r e a s i n g  q u a n t i t i e s  o f  a m i d e / a l c o h o l  w i t h  t i m e .  The l a t t e r  

o b s e r v a t i o n  was e x p l a i n e d  as  b e i n g  due t o  t h e  e q u i l i b r a t i o n  

c o n d i t i o n s  p o s s i b l e .  The e q u i l i b r a t i o n  o f  t h e  e s t e r / a m i n e  

to  a m i d e / a l c o h o l  can  be r a t i o n a l i s e d  by  c o n s i d e r i n g  r e f o r m a t i o n  

o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  f rom  t h e  e s t e r / a m i n e  ( c y c l i c  

s y s t e m ) .  Two i n t e r m e d i a t e s  can  o c c u r ,  ( f i g .  8 4 )  t h e  o r i g i n a l  

s p e c i e s  4 and  a more s t a b l e  t e t r a h e d r a l  i n t e r m e d i a t e  . 

B reakdow n o f  4 g i v e s  no e f f e c t i v e  change  w h e r e a s  b reak d o w n  

o f  j5 can  e i t h e r  g i v e  e s t e r / a m i n e  o r  t h e  more s t a b l e  a m i d e /  

a l c o h o l .  The h y d r o l y s i s  o f  s e v e r a l  s t e r i c a l l y  h i n d e r e d  c y c l i c  

i m i d a t e s  h a s  l e d  t o  t h e  c o n c l u s i o n  t h a t  s t e r i c  h i n d r a n c e  when 

a d j a c e n t  t o  t h e  n i t r o g e n  t e n d s  to  a s s i s t  c l e a v a g e  o f  t h e  

C—N bond  ( f i g .  8 5 ) ;  i n  s y s t e m s  w here  s t e r i c a l l y  h i n d e r e d  

g r o u p s  a r e  a d j a c e n t  to  t h e  ox y g en  i n  t h e  r i n g  ( s e e  f i g .  8 6 )  

c o m p e t i t i v e  e f f e c t s  o f  o r b i t a l  o r i e n t a t i o n  and s t e r i c  e f f e c t s  

r e s u l t e d  i n  t h e  d e d u c t i o n  t h a t  t h e  f o r m e r  was t h e  s t r o n g e r  

s i n c e  t h e  p r o d u c t s  o b t a i n e d  w ere  s t i l l  t h e  e s t e r s .  The 

v a l u e  o f  ~5k  c a l / m o l e  a s c r i b e d  t o  t h i s  s t a b i l i s a t i o n  by  

D es longcham ps  h o w e v e r  w ould  a p p e a r  r a t h e r  h i g h  s i n c e  c l e a v a g e  

o f  t h e  C-N bond  a l s o  s e r v e s  t o  r e d u c e  s t e r i c  s t r a i n ;  t h e  

m e th y l  g r o u p s  moving away d e c r e a s i n g  any i n t e r a c t i o n s .
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S i n c e  s y n  and a n t i  c o n f o r m a t i o n s  o f  i m i d a t e s  g i v e  r i s e  

t o  d i f f e r e n t  p r o d u c t s  t h e  s t u d y  o f  t h e  h y d r o l y s i s  o f  s e v e r a l  

a c y c l i c  i m i d a t e s  w here  R i n c r e a s e s  i n  s i z e  ( s e e  f i g #  8 7 )  

s h o u l d  r e s u l t  i n  l e s s  amide f o r m a t i o n  as  t h e  q u a n t i t y  o f  s y n  

i m i d a t e  d e c r e a s e s .  T h i s  h a s  b e e n  s t u d i e d  b y  D es longcham ps  

a n d  i s  shown t o  be  t h e  c a s e  ( s e e  t a b l e  8 ) .  R e s u l t s  on 

s i m i l a r  i m i d a t e  s a l t s  where  s y n  an d  a n t i  c o n f i g u r a t i o n s  w h ich  

c o u l d  be c o n s i d e r e d  as  b e i n g  i n  e q u i l i b r i u m  gave  s i m i l a r  

r e s u l t s .

A s t u d y  o f  t h e  i m i d a t e  s a l t s  £  i n  b a s i c  s o l u t i o n  was 

shown t o  r e s u l t  i n  t h e  p r o d u c t  JL1 p r e s u m a b l y  v i a  t h e  m echanism  

f i g . 88# However a c i d  h y d r o l y s i s  o f  £  w h ich  s h o u l d  p r o d u c e  

i n t e r m e d i a t e  12l was n o t  o b s e r v e d  to  r e a c t  and  b reakdow n  t o  

p r o d u c t  13 .  W hile  t e t r a h e d r a l  i n t e r m e d i a t e  12 s h o u l d  b r e a k ­

down by o r b i t a l  a s s i s t a n c e  t h i s  was n o t  o b s e r v e d  and no 

f i t t i n g  e x p l a n a t i o n  c o u l d  be g i v e n  s i n c e  m os t  i m i d a t e  s a l t s  

s t u d i e d ,  e x c e p t  1 £ 9 u n d e rg o  a c i d  h y d r o l y s i s .

W hile  t h e  p r e v i o u s  d i s c u s s i o n  o f  D e s lo n g c h a m p s 1 work 

h a s  b e e n  a b o u t  t h e  h y d r o l y s i s  o f  i m i d a t e s  i n  h i g h l y  b a s i c  

m e d ia  t h e  p r o d u c t s  u s u a l l y  v a r y  w i t h  pH ( s e e  f i g .  8 9 ) .  By 

o b s e r v i n g  t h a t  p r e d o m i n a n t l y  a n t i  c o n f o r m e r s  g i v e  e s t e r / a m i n e  

p r o d u c t s  o v e r  t h e  w hole  pH r a n g e  and p r e d o m i n a n t l y  sy n  

c o n f o r m e r s  change  f rom  e s t e r / a m i n e  to  a m i d e / e s t e r  p r o d u c t s  

D es longcham ps  p o s t u l a t e d ,  c o n s i d e r i n g  t h e  r e a c t i o n  m echanism
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( f i g .  9 0 ) t h a t  i n  a c i d  s o l u t i o n  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  

w ou ld  e x i s t  as  T+ , i n  b a s e  as  T ®  and i n  n e u t r a l  s o l u t i o n  t 1 .

A l l  t h e s e  fo rm s  o f  t e t r a h e d r a l  i n t e r m e d i a t e  i n  a  p o s t - a n t i  

t e t r a h e d r a l  i n t e r m e d i a t e  r e s u l t  i n  t h e  same p r o d u c t s ,  e s t e r /  

a m in e .  I n  a  p o s t - s y n  t e t r a h e d r a l  i n t e r m e d i a t e  b reak d o w n  

o f  t h e  i n i t i a l  t e t r a h e d r a l  i n t e r m e d i a t e  c a n n o t  o c c u r ,  a 

r o t a t i o n  b e i n g  n e c e s s a r y  ( f i g .  8 2 ) t o  p r o d u c e  t e t r a h e d r a l  

i n t e r m e d i a t e s  A and B, W hile  c o n f o r m e r  A can  be c l e a v e d  i n

an y  o f  t h e  i o n i s e d  fo rm s  c o n f o r m e r  B c a n  c l e a v e  o n l y  i n  t h e  T*~
/  ~T  Ifo rm  ( s i n c e  n i t r o g e n  i s  p r o t o n a t e d  i n  T -  and  T ) .  I t  can

e a s i l y  be s e e n ,  t h e r e f o r e ,  how t h e  p r o d u c t s  o f  s y n  i m i d a t e s

a r i s e  a s  pH c h a n g e s .

W hi le  t h e  s t e r e o e l e c t r o n i c  t h e o r y  as  p r o p o s e d  by  D e s l o n g ­

champs d o e s ,  t o  a c e r t a i n  e x t e n t ,  e x p l a i n  t h e  e f f e c t i v e  

p r o d u c t s  o f  a l l  t h e  r e a c t i o n s  s t u d i e d  i t  i s  s e e n  t h a t ,  e s p e c i a l l y ,  

i n  t h e  c a s e  o f  o z o n o l y s i s  o t h e r  d e d u c t i o n s  can  be made as  t o  

why s e l e c t i v e  p r o d u c t  p r o d u c t i o n  o c c u r s .  I n  a l l  c a s e s  t h e  

t e t r a h e d r a l  i n t e r m e d i a t e s  fo rm ed  were  assum ed t o  " b re ak d o w n  

o f  t h e i r  own a c c o r d "  and  no a c c o u n t  i s  t a k e n  o f  b u f f e r  o r  b a s e  

c a t a l y s i s  o f  any  k i n d  ( s u g g e s t e d  f rom  k i n e t i c s ) .  I t  s h o u l d  

be  b o r n e  i n  mind t h a t  t h e  p r o d u c t s  and  m e c h a n i s t i c  p a th w a y s  

o f  h y d r o l y s i s  o f  i m i d a t e ,  a m i d e s ,  e s t e r s ,  e t c .  can  a l s o  be 

e x p l a i n e d  by  a s s u m in g  p r o t o n  t r a n s f e r  as  s lo w  s t e p s  i n  t h e  

r e a c t i o n s .  T h i s  wou ld  l e n d  i t s e l f  t o  s u g g e s t  t h e n  t h a t  0-H



135

b o n d s  were  n o t  i n t e r c h a n g e a b l e  w i t h  oxygen  l o n e  p a i r s  as  was 

s u g g e s t e d  b y  D es longcham ps  an d  t h a t  T ®  i s  i n  f a c t  a d i f f e r ­

e n t l y  p o w ered  d o n o r  t h a n  T° e t c .  w i t h  a s s i s t a n c e  i n  c e r t a i n  

c a s e s  f ro m  b a s e  c a t a l y s i s .  I f  i n  t h e  c a s e  o f  T° t h a t  t h e  

0-H bond  h a d  to  be a n t i p e r i p l a n a r  t o  t h e  l e a v i n g  g ro u p  f e w e r  

e x am p le s  o f  c o n f o r m e r s  w ou ld  i n  f a c t  b reak d o w n  to  p r o d u c t s  

w i t h o u t  r o t a t i o n  i n i t i a l l y .
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T h e rm o d y n am ica l  C a l c u l a t i o n s  o f  T e t r a h e d r a l  I n t e r m e d i a t e s

E s t i m a t e s  o f  t h e  r e l a t i v e  s t a b i l i t i e s  o f  s i m p l e
155t e t r a h e d r a l  i n t e r m e d i a t e s  hav e  b e e n  c a r r i e d  o u t  by G u t h r i e  who

168
u s e d  t h e  f a c t ,  o r i g i n a l l y  c a l c u l a t e d  by H i n e ,  • t h a t  t h e  f r e e  

e n e r g y  c h a n g e  a s s o c i a t e d  w i t h  t h e  r e a c t i o n  o f  a h y d r o x y  com­

p ound  w i t h  m e t h a n o l  t o  fo rm  t h e  m ethoxy  compound and w a t e r  

was a p p r o x i m a t e l y  d e p e n d e n t  o n l y  on t h e  number  o f  s u b s t i t u e n t s  

on t h e  h y d r o x y  compound ( s e e  t a b l e  9 ) .  Making t h e  a s s u m p t i o n  

t h a t  t h e  AG° v a l u e s ,  f o r  a g i v e n  number  o f  s u b s t i t u e n t s ,  w i l l  

be  t h e  same i f  t h e  h y d r o x y  compound was an  o r t h o  a c i d  

d e r i v a t i v e  t h e  s t a n d a r d  f r e e  e n e r g i e s  f o r  t h e  r e a c t i o n s

RC(0H)20CH3 + 2CH30H — ■■ RC(0CH ) + 2 ^ 0

RC(0H)3 + 3CH30H - — - 1? RC(0CH3 ) 3 + 3H 0

c o u l d  be c a l c u l a t e d  and h e n c e  g i v e  t h e  f r e e  e n e r g i e s  o f  

f o r m a t i o n  o f  t h e  o r t h o a c i d s  and  h y d r a t e d  m e th y l  e s t e r s .  A 

f u r t h e r  e x t e n s i o n  o f  t h i s  a rg u m e n t  r e s u l t e d  i n  t h e  c a l c u l a t i o n  

o f  t h e  f r e e  e n e r g i e s  o f  t h e  f o l l o w i n g  r e a c t i o n s  w h ich  c o u l d  be 

u s e d

RCO H +  H2 0     s  R C ( 0 H ) 3

RC02 CH +  H2 0 k  R C ( 0 H ) 2 CH3

f o r  t h e  e f f e c t i v e  h y d r a t i o n  o f  e s t e r s  and  a c i d s  i n  w a t e r .  I t  

was e s t i m a t e d  t h a t  t h e  e r r o r ,  a r i s i n g  f rom  t h e  s c a t t e r  i n  t h e
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TABLE 9

S u b s t i t u e n t s ROH 6G° 

k  c a l / m o l

0 ch3oh -  0 . 7 5

1 ch3 ch2oh -  0 . 0 7  )
s

hoch2oh + 0 . 3 2  )

2 (CH ) CHOH + 0 . 3 9  ) \
(CH ) (OH )CHOH

)
+ 0 . 2 5  ) \

(CH3 )(OCH )CHOH + 1 . 0 7  )

3 (CH ) 2 (OH)COH + 1 . 1 1  ) \
(CH ) 2 (0CH )COH + 1 . 1 9  )

A v erag e  
t e n d i n g  t o

~  — 0 . 6  

~  0 , 0

+ 0 . 6

COH + CH30H COHe +



OH 
HCOCH, 

OH 3

+  H O

AG

CH OH

AG^ r e p r e s e n t s  t h e  a c t i v a t i o n  e n e r g y .

AG r e p r e s e n t s  t h e  f r e e  e n e r g y  d i f f e r e n c e  o f  s t a r t i n g  
m a t e r i a l s  a n d  p r o d u c t s .

A .E.  r e p r e s e n t s  a c t i v a t i o n  e n e r g y  o f  t h e  d e c o m p o s i t i o n  
o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e .
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HCO

-»

t>H7

HC02Me +

HCOgMe +

hco2 ©

R e a c t io n

(a )
,Me + H O + 1M H ©

HCO H + MeOH + H ®

( b )

eH20 -> HC02 ^ +  MeOH
28

\ *
21 u H

| \ 20.3
.7 \_y

T.I. 33.3

(C)

1M Na OH 

+ MeOH

“ V
10.9

15.2 9.£
T.I.

2 9. A

C o - o r d i n a t e  D iagram s f o r  t h e
■15.3



pH  1

HCONMe + H ®  -* 

HC02H + + NH Me

pH 14
HCONMe, + ©  OH

HC02 “  + HNMe

p H 10
HC02Me + HNMe2 + ©  OH 

-♦ HCONMe2 + MeOH

18.9

10 .1  7 9
\______

T"
28.0

p H 12

HCO Me + HNMe + ®  OH 

-> HCONMe + MeOH

R e a c t i o n  C o - o r d i n a t e  D iagram s f o r  
S im p le  h v d r o l v s e s  and a m i n o l y s i s  r e a c t i o n s .

25 2

Fig 93
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0
H—C— OMe 

-  HNMe

0 "
I

H— C— OMe 
I

HNMe

^ '0H  

9H k.'OH 0

H — C— OMe ' H— C— OMe
J k - s  INMe ^ NMe

k6
0  
II

H - C - N M e  + ("OMe). 
proposed by 
Jencks.

F ig  94



pH 8

HC02Me + NHMe2 

-► HCONMe + MeOH
k

pH 12

HCO Me + NHMe 

-► HCONNMe. + MeOH

* k.

R e a c t i o n  C o - o r d i n a t e  D iagram s c a l c u l a t e d  by G u t h r i e  
f o r  t h e  a m i n o l y s i s  o f  m e th y l  f o r m a t e .

Fig 95
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f i r s t  c a l c u l a t i o n  a b o u t  t h e  a v e r a g e ,  w ou ld  g i v e  ~ 2 k c a l / m o l e

e r r o r  i n  t h e  f i n a l  v a l u e s .  Knowing t h e  r a t e s  o f  h y d r o l y s i s

o f  t h e  e s t e r s  s t u d i e d  t h e  i n i t i a l  a c t i v a t i o n  e n e r g y  c o u l d  be

c a l c u l a t e d  ( f i g .  9 1 ) .  The f i n a l  unknown,  t h a t  o f  t h e

a c t i v a t i o n  e n e r g y  o f  t h e  d e c o m p o s i t i o n  o f  t h e  t e t r a h e d r a l

i n t e r m e d i a t e  c o u l d  be c a l c u l a t e d  i f  t h e  r a t e  o f  oxygen  e x c h an g e

and  r a t e  o f  h y d r o l y s i s  was known.  T h is  was e s t i m a t e d  f rom

d a t a  o f  K ^ / k e f ro m  s e v e r a l  o t h e r  e s t e r s  an d  t h e  f r e e  e n e r g y

c a l c u l a t e d  f ro m  i t .  W hile  a g r e a t  many a s s u m p t i o n s  and

e s t i m a t i o n s  w ere  made t h e  g e n e r a l  p i c t u r e  o f  t h e  r e l a t i v e

s t a b i l i t y  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  c o u l d  be o b t a i n e d

( s e e  f i g .  9 2 )  o v e r  a  l a r g e  pH r a n g e .  While  f i g .  9 2 ( b )

r e p r e s e n t s  t h e  w a t e r  c a t a l y s e d  r e a c t i o n  t h i s  i s  o n l y  a  m in o r

p a t h ,  e v en  a t  t h e  minimum o f  t h e  pH r a t e  p r o f i l e  (.ca pH 5) .

S i m i l a r  c a l c u l a t i o n s  h a v e  b e en  c a r r i e d  o u t  f o r  t h e

h y d r o l y s i s  o f  s i m p l e  am ides  and t h e  a m i n o l y s i s  o f  e s t e r s

( s e e  f i g .  9 3 ) .  More d e t a i l e d  a n a l y s i s  o f  t h e  a m i n o l y s i s  o f

m e th y l  f o r m a t e  h av e  b e e n  shown t o  be  i n  a c c o r d  w i t h  t h e
172

p a th w a y  p r o p o s e d  by J e n c k s  w i t h  s i m i l a r  c h a n g e s  m  t h e  r a t e

d e t e r m i n i n g  s t e p s  ( s e e  f i g s .  94 & 9 5 ) .  A r e c e n t  a d d i t i o n ,  v i a

t h i s  k i n d  o f  s t u d y ,  h a s  b e e n  t h e  e v a l u a t i o n  o f  t h e  F r e e

E n e rg y  c h a n g e s  a s s o c i a t e d  w i t h  t h e  a d d i t i o n  o f  w a t e r  t o  t h i s
156

t i m e ,  t h i o e s t e r s .

The e s t i m a t i o n  o f  t h e  f r e e  e n e r g y  d i f f e r e n c e  f o r  t h e  

a d d i t i o n  o f  n u c l e o p h i l e s  t o  c a r b o n y l  compounds h a s  a l s o  b e e n



144

e s t i m a t e d  by  F a s t r e z  by t h e  u s e  o f  l i n e a r  f r e e  e n e r g y  
169

r e l a t i o n s h i p s .  D e s p i t e  a  number  o f  a s s u m p t i o n s ,  w h ich  

l i m i t  t h e  a c c u r a c y  o f  t h e  w o rk ,  r e a s o n a b l y  good c o r r e l a t i o n s  

h a v e  b ee n  o b t a i n e d  w i t h  l o c a l i s a t i o n  e n e r g i e s  o f  t h e  o r d e r  

1 5 - 2 2  k c a l s / m o l e  f o r  a m i d e s ,  1 4 -1 8  k c a l s / m o l e  f o r  e s t e r s  

and  a c i d s  and 11 k c a l / m o l e  f o r  e t h y l t h i o a c e t a t e  i n  r e a s o n ­

a b l e  a g r e e m e n t  w i t h  G u t h r i e ' s  w ork .
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Ab I n i t i o  S t u d i e s  o f  T e t r a h e d r a l  I n t e r m e d i a t e s

I n  v i e w  o f  a l l  t h e  s t u d i e s  o f  t e t r a h e d r a l  i n t e r m e d i a t e s

and t h e  s u b s e q u e n t  p o s t u l a t i o n  o f  t h e  i n t e r a c t i o n  o f  a n t i -

p e r i p l a n a r  o r b i t a l s ,  i n  n o t  o n l y  c o n t r o l l i n g  p r o d u c t s  as
1 3 6s u g g e s t e d  by D es longcham ps  b u t  a s  f a r  a f i e l d  as  e f f e c t s  on 

35
Cl n u c l e a r  q u a d r u p o l e  r e s o n a n c e  f r e q u e n c i e s  o f  c t - c h l o r o -

157 158e t h e r s ,  a s  an i n t e r p r e t a t i o n  o f  t h e  a n o m e r i c  e f f e c t ,
1 r o

and  f rom  X - r a y  s t u d i e s  i t  i s  n o t  s u r p r i s i n g  t h a t  t h e o r e t i c a l

c a l c u l a t i o n s  s h o u l d  have  b e e n  c a r r i e d  o u t .

S t u d i e s ,  v i a  ab i n i t i o  c a l c u l a t i o n s ,  on a number  o f

s i m p l e  s y s t e m s ,  h y d r o x y m e th a n e s ^ ^ ^  >160 ( p r o -j}ona^ e(j an(j u n _

p r o t o n a t e d )  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  ( e x p e c t e d  f ro m  b a s e

c a t a l y s e d  h y d r o l y s i s  o f  m e th y l  f o r m a t e ' * ' ^ )  and  a m i n o d i h y d r o x y -  
162m e t h a n e s ,  h a v e  a l l  p r o d u c e d  s i m i l a r  r e s u l t s  w h ic h  can  

e f f e c t i v e l y  be s u m m ar i se d  as  a g r e e i n g ,  a t  l e a s t  t h e o r e t i c a l l y ,  

w i t h  t h e  v i e w  t h a t  a n t i p e r i p l a n a r  o r b i t a l s  s t a b i l i s e  t h e  

im m e d i a t e  C-0 b ond  w h i l e  w e a k e n in g  t h e  C-0 bond  a n t i p e r i p l a n a r  

t o  t h e  l o n e  p a i r .

While  t h e s e  c a l c u l a t i o n s  h e l p  t o  c o n f i r m  p r e v i o u s  v i e w s  

t h e i r  v a l u e  i n  t h e  d i r e c t  s t u d y  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  

c a n  be c o n s i d e r e d  r a t h e r  d e b a t e a b l e .
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DISCUSSION

PREPARATIVE EXPERIMENTAL

S y n t h e s i s  o f  A c e to x v - d im e th o x v - m e th a n e

I n i t i a l  a t t e m p t s  t o  s y n t h e s i s e  t h i s  compound were  b a s e d

on t h e  p r e m i s e  t h a t  no s y n t h e s i s  co u ld  be fo u n d  i n  t h e

l i t e r a t u r e .  The f i r s t  m e th o d ,  t h e r e f o r e ,  would  a p p e a r  r a t h e r

c r u d e  i n  l i g h t  o f  l a t e r  k n o w le d g e .  The r e a c t i o n  o f  d i m e t h -

o x y c a rb e n iu m  b r o m i d e ,  which was fo rm ed  a t  low t e m p e r a t u r e ,  and

a c e t i c  a c i d  c a n ,  a c c o r d i n g  to  P e r s t , ^ ^  o c c u r  i n  two d i f f e r e n t

ways ( f i g .  9 6 ) .  The n u c l e o p h i l e  ( a c e t i c  a c i d )  can  e i t h e r  a t t a c k

t h e  c a r b e n iu m  i o n  c e n t r e  ( r o u t e  B) o r  t h e  a l k y l  f u n c t i o n

( r o u t e  A) ,  The r e a c t i o n  by r o u t e  B i s  a r e v e r s i b l e  p r o c e s s ,

t h e  a d d i t i o n  p r o d u c t  o n l y  b e i n g  i s o l a t e d  when t h e  e n e r g y  o f

f o r m a t i o n  o f  t h e  bond  i s  l a r g e  enough .  This  can  be b e s t  e x p l a i n e d

by c o n s i d e r i n g  a g a i n  f i g .  96 where  a d d i t i o n  of  t h e  n u c l e o p h i l e  to

t h e  c a r b e n iu m  c e n t r e  i s  t h e  k i n e t i c a l l y  c o n t r o l l e d  s t e p  o f

t h e  r e a c t i o n .  When an e q u i l i b r i u m  s y s te m  can  be e s t a b l i s h e d

t h e  n u c l e o p h i l e  can  r e a c t  to  form th e  t h e r m o d y n a m i c a l l y  c o n -
164t r o l l e d  f i n a l  p r o d u c t s  v i a  r o u t e  A. A cc o rd in g  to  P e r s t  

t h e  r e a c t i o n  d ep e n d s  n o t  o n l y  on t h e  n u c l e o p h i l e  and t h e  

e n e r g y  o f  th e  a m b ie n t  c a t i o n  b u t  a l s o  on t h e  s o l v e n t  u s e d ,  

t h e  r e a c t i o n  t im e  and t h e  t e m p e r a t u r e .  The i n f o r m a t i o n  can  

be su m m ar i sed  g e n e r a l l y ,  how ever  as  t h e  k i n e t i c a l l y  c o n t r o l l e d  

p r o d u c t  w i l l  be o b t a i n e d  i f  ( a )  a s t r o n g  n u c l e o p h i l e  i s  u s e d
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( b )  t h e  e n e r g y  o f  t h e  a m b i e n t  c a t i o n  i s  h i g h .  The t h e r m o ­

d y n a m i c a l l y  c o n t r o l l e d  r e a c t i o n  h o w e v e r  r e q u i r e s  ( a )  a  weak 

n u c l e o p h i l e  and  ( b )  a low e n e r g y  c a t i o n .  A summary o f  t h e
164

e f f e c t i v e  ou tcom e on v a r i o u s  r e a c t i o n s  can  be s e e n  i n  P e r s t  

( p a g e  9 0 ) .

The r e a c t i o n ,  t h e r e f o r e ,  o f  d i m e t h o x y c a r b e n i u m  b ro m id e  

a n d  a c e t i c  a c i d  c an  be c o n s i d e r e d  as  t h e  r e a c t i o n  o f  a weak 

n u c l e o p h i l e  so  t h a t  t h i s  may t e n d  t o  f a v o u r  t h e  the rm odynam ic  

p r o d u c t s .  A f u r t h e r  p r o b le m  a r o s e  i n  t h i s  r e a c t i o n  o f  t h e  

f o r m a t i o n  o f  one e q u i v a l e n t  o f  h y d r o b r o m i c  a c i d  w hich  c o u l d  

e a s i l y  h a v e  p r o m o te d  t h e  b rea k d o w n  o f  any p r o d u c t  fo rm ed  by  

r o u t e  B and  t h e  l a c k  o f  t h i s  p r o d u c t  when f i n a l l y  c h e c k e d  by 

N.M.R, A s i m i l a r  r a t i o n a l i s a t i o n  c a n  be u s e d  t o  e x p l a i n  t h e  

l a c k  o f  p r o d u c t  o b t a i n e d  by  Method 3 ,  t h e  r e a c t i o n  o f  d i m e t h o x y ­

c a r b e n i u m  f l u o r o b o r a t e  w i t h  d r y  a c e t i c  a c i d ,  i . e .  t h e  r e a c t i o n  

o f  a  weak n u c l e o p h i l e  and t h e  f o r m a t i o n  o f  f l u o r o b o r i c  a c i d .  

Method 4 c o n s t i t u t e s  t h e  f i r s t  a t t e m p t  t o  i n c r e a s e  t h e  n u c l e o -  

p h i l  i c i t y  o f  t h e  a c e t i c  a c i d  t o  t h a t  o f  t h e  a c e t a t e  i o n .

However  t h i s  i n c r e a s e  i n  n u c l e o p h i l i c  c h a r a c t e r  d i d  n o t  a p p e a r  

t o  be  en o u g h .  No a c i d  was fo rm ed  i n  t h i s  r e a c t i o n  i n  t h e  hope 

t h a t  an y  a c i d  c a t a l y s e d  b reak d o w n  c o u l d  be s t o p p e d .

Method 2 ,  t h e  r e a c t i o n  o f  t r i m e t h y l  o r t h o f o r m a t e  w i t h  

a c e t i c  a n h y d r i d e  i s  b a s i c a l l y  t h a t  o f  an ex c h a n g e  r e a c t i o n .

I t  was n o t e d  t h a t  b o t h  r o u t e s  A and B o c c u r r e d  b u t  t h e  

k i n e t i c a l l y  c o n t r o l l e d  r e a c t i o n  p r e d o m i n a t e d  d u r i n g  t h e  f i r s t
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50$  o f  t h e  r e a c t i o n .  A p r o b l e m ,  h o w e v e r ,  a r o s e  as  t o  t h e

s e p a r a t i o n  o f  t h e  a c e t o x y - d i m e t h o x y - m e t h a n e  and  t h e  a c e t i c

a n h y d r i d e  and t h i s  c o u l d  o n l y  be r e s o l v e d  by  t h e  v e r y  s lo w

u s e  o f  a  s p i n n i n g  band  column d i s t i l l a t i o n  a p p a r a t u s .  The

s t u d y  o f  t h e  s y n t h e s i s  o f  a c e t o x y - d i m e t h o x y - m e t h a n e  h ad  b e e n
12p r o m p te d  by t h e  s i m i l a r  r e a c t i o n  o f  a c e t o x y  ex ch an g e

o b s e r v e d  i n  a c e t a l s  w here  no p r o b le m  o f  s e p a r a t i o n  o c c u r r e d .

W hi le  t h i s  method c o n s t i t u t e d  a  s y n t h e s i s  o f  t h e  r e q u i r e d

p r o d u c t  t h e  p r o b le m s  e n c o u n t e r e d  i n  t h e  s e p a r a t i o n  s u g g e s t e d

t h a t  t h i s  m ethod was a  r a t h e r  p o o r  r o u t e .  A t  t h i s  t im e  t h e

s y n t h e s i s  o f  a c e t o x y - d i m e t h o x y - m e t h a n e  was f o u n d  i n  t h e  
14l i t e r a t u r e ,  m ethod  5; t h e  r e a c t i o n  o f  t h e  m ixed  a n h y d r i d e  

w i t h  t r i m e t h y l  o r t h o f o r m a t e .  W hile  t h i s  m ethod  a l s o  r e q u i r e d  

t h e  u s e  o f  t h e  s p i n n i n g  b a n d  co lum n,  t h e  s e p a r a t i o n  was much 

more e a s i l y  a t t a i n e d  and a l s o  r e s u l t e d  i n  a much f a s t e r  

r e a c t i o n  u s i n g  t h e  more r e a c t i v e  f o r m i c / a c e t i c  a n h y d r i d e  s y s t e m .

S y n t h e s i s  o f  a c e t o x y -  and c h l o r o a c e t o x y - d e r i v a t i v e s

W h i le  any  a t t e m p t s  t o  s y n t h e s i s e  2 - a c e t o x y -  and  2 - c h l o r o -  

a c e t o x y - d i o x o l a n  d e r i v a t i v e s  d i r e c t l y  from- t h e  r e a c t i o n  o f  t h e  

o r t h o e s t e r s  an d  t h e  c o r r e s p o n d i n g  a c i d  d i d  n o t  r e s u l t  i n  t h e  

r e q u i r e d  p r o d u c t s ,  t h e  r e a c t i o n  o f  a c e t o x y - d i m e t h o x y - m e t h a n e ,  

w i t h  t h e  o r t h o e s t e r s ,  gave  t h e  c o r r e s p o n d i n g  e x c h a n g e  r e a c t i o n ,  

t o  g i v e  t h e  a c e t o x y  p r o d u c t .  S i m i l a r l y  t h e  r e a c t i o n  o f  t h e s e  

a c e t o x y  compounds w i t h  c h l o r o a c e t i c  a c i d  was t h e  o n l y  r o u t e  

to  t h e  c h l o r o a c e t o x y  compounds.
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The a t t e m p t e d  s y n t h e s i s  o f  2 - a c e t o x y - 2 - m e t h o x y - t e t r a -  

h y d r o p y r a n  by  m ethod  1 ( r e a c t i n g  2 , 2 - d i m e t h o x y t e t r a h y d r o p y r a n , 

a c e t o x y - d i m e t h o x y - m e t h a n e  and a c e t i c  a c i d )  s i m i l a r  to  t h a t  

u s e d  f o r  t h e  s y n t h e s i s  o f  2 - a c e t o x y - l , 3 - d i o x o l a n  h a s  a l s o
1 (La

a d d e d  e v i d e n c e  t o  t h e  d i s c u s s i o n  by  P e r s t  o f  t h e  a t t a c k  

o f  t h e  n u c l e o p h i l e  a t  o t h e r  c e n t r e s  o f  t h e  " p o s t u l a t e d "  

oxonium s a l t  i n t e r m e d i a t e .  The r e s u l t a n t  p r o d u c t s  o b t a i n e d  

w ere  6 - v a l e r o l a c t o n e  and m e th y l  6 - a c e t o x y v a l e r a t e , i . e .  a t t a c k  

h a d  o c c u r r e d  on t h e  a l k y l  f u n c t i o n  v i a  th e rm o d y n a m ic  c o n t r o l  

o f  t h e  p r o d u c t s .  A l l  a t t e m p t s  t o  i n c r e a s e  t h e  r e a c t i v i t y  

o f  t h e  n u c l e o p h i l e  u s i n g  crown e t h e r / p o t a s s i u m  a c e t a t e ,  e t c .  

r e s u l t e d  i n  t h e  same p r o d u c t s .

S i m i l a r  a t t e m p t e d  p r e p a r a t i o n s  o f  a - a c e t o x y - a , t t - d i m e t h o x y -  

- t o l u e n e ,  i n i t i a l l y  u s i n g  d i f f e r e n t  r a t i o s  o f  s u b s t r a t e s  and 

c a t a l y s t s ,  d i f f e r e n t  s o l v e n t s  and a t t e m p t s  t o  a c t i v a t e  t h e  

n u c l e o p h i l e ,  h a v e  so f a r  r e s u l t e d  i n  n e g a t i v e  r e s u l t s .  One 

r o u t e ,  h o w e v e r ,  (m e thod  8 )  w ou ld  a p p e a r  t o  be r e a s o n a b l y  

p r o m i s i n g .  The r e a c t i o n  o f  cc , a - d i m e t h o x y - C t - p h e n o x y - t o l u e n e  

and  a c e t i c  a n h y d r i d e  a t  35°C showed i n  i t s  N.M.R. a p e a k  f o r  

an  a c e t o x y  g ro u p  n o t  p r e v i o u s l y  o b s e r v e d  i n  any  o f  t h e  o t h e r  

r e a c t i o n s .  No a t t e m p t s  a t  t h e  i s o l a t i o n  o f  t h i s  s p e c i e s  

hav e  b e e n  t r i e d ,  h o w e v e r ,  t o  d a t e .

A t t e m p t e d  s y n t h e s i s  o f  uhenoxy  and  p - n i t r o u h e n o x v  d e r i v a t i v e s

The s y n t h e s i s  o f  a , a - d i m e t h o x y ~ a - p h e n o x y - t o l u e n e  w as ,  i n  

i t s e l f ,  q u i t e  a d i f f i c u l t  p r o c e s s  r e q u i r i n g  s e v e r a l  m e thods
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b e f o r e  t h e  i s o l a t i o n  o f  t h i s  compound c o u ld  be  c a r r i e d  o u t  

i n  r e a s o n a b l y  good y i e l d .  By v a r y i n g  t h e  q u a n t i t y  o f  n u c l e o ­

p h i l e  t o  s u b s t r a t e  ( o r t h o e s t e r )  i t  was p o s s i b l e  t o  show t h e  

f o r m a t i o n  o f  a s m a l l  q u a n t i t y  o f  t h e  r e q u i r e d  p r o d u c t  a l t h o u g h  

t h e  m a in  p r o d u c t  a t  t h i s  s t a g e  was m e th y l  b e n z o a t e .  S im p ly  

b y  c h a n g i n g  t h e  a c i d  c a t a l y s t  ( a  l a s t  d i t c h  e f f o r t )  f rom 

t o l u e n e - £ - s u l p h o n i c  a c i d  to  m e t h a n e - s u l p h o n i c  a c i d ,  t h e  y i e l d
16So f  p r o d u c t  was i n c r e a s e d  d r a m a t i c a l l y .  The a c i d i t y  f u n c t i o n s  

o f  b o t h  m e t h a n e - s u l p h o n i c  a c i d  and t o l u e n e - p —s u l p h o n i c  a c i d ,  

i n  aq u e o u s  s o l u t i o n ,  i n d i c a t e  t h e  f o r m e r  w ould  be more 

e f f e c t i v e  a t  c a t a l y s i n g  t h e  i o n i s a t i o n  o f  t h e  n e u t r a l  s u b s t r a t e J  

h o w e v e r ,  t h e  e x a c t  a c i d i t i e s  i n  b e n z e n e  s o l u t i o n  may be 

d r a m a t i c a l l y  d i f f e r e n t .  The d i f f e r e n c e  i n  y i e l d s  c a n n o t  

c o n c l u s i v e l y  be  e x p l a i n e d ,  t h e r e f o r e ,  i n  t e r m s  o f  t h e  d i f f e r e n t  

a c i d i t i e s  o f  t h e  a c i d s .  The o n l y  o t h e r  p o s s i b i l i t y ,  t h a t  o f  

t h e  p r e s e n c e  o f  w a t e r  o f  c r y s t a l l i s a t i o n  i n  t o l u e n e - p - s u l p h o n i c  

a c i d  an d  n o t  i n  t h e  d r i e d  r e d i s t i l l e d  m e t h a n e - s u l p h o n i c  a c i d ,  

seems h i g h l y  d u b io u s  i n  v ie w  o f  t h e  s m a l l  q u a n t i t y  o f  a c i d  

a d d e d .

P h e n o l  i s  g e n e r a l l y  t h o u g h t  t o  be a r a t h e r  p o o r  n u c l e o ­

p h i l e  com pared  t o  p h e n o x i d e  and i t  s e em s ,  t h e r e f o r e ,  r a t h e r  

s t r a n g e  t h a t  t h e  a t t e m p t e d  s y n t h e s i s  o f  2 - p h e n o x y - 2 - p h e n y l - l , 

3 - d i o x o l a n  f rom  2- p h e n y l - 1 , 3 - d i o x o l e n i u m  f l u o r o b o r a t e  and  

t e t r a m e th y la m m o n iu m  p h e n o x i d e ,  d i d  n o t  g i v e  t h e  r e q u i r e d  

p r o d u c t .  Time d i d  n o t  a l l o w  t h e  s y n t h e s i s  t o  be a t t e m p t e d
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b y  t h e  r e a c t i o n  o f  p h e n o l  and  2 - m e t h o x y - 2 - p h e n y l - l , 3 - d i o x o l a n  

i n  t h e  ho p e  o f  g e t t i n g  t h e  " p o o r e r "  n u c l e o p h i l e  to  w ork .

The s y n t h e s i s  o f  2—m eth o x y —2—p h e n o x y —t e t r a h y d r o p y r a n  

p a r a l l e l s  t h a t  o f  t h e  s y n t h e s i s  o f  a , a - d i m e t h o x y - a - p h e n o x y -  

- t o l u e n e  w i t h  t h e  o b s e r v a t i o n  t h a t  m e t h a n e - s u l p h o n i c  a c i d  

p r o d u c e s  a s m a l l  q u a n t i t y  o f  r e q u i r e d  p r o d u c t  w h e r e a s  t o l u e n e -  

- jD - s u l p h o n ic  a c i d  p r o d u c e d  more .  The r e a c t i o n  t im e  and t h e  

f l a s k  t e m p e r a t u r e  d u r i n g  t h e  r e a c t i o n  w ere  f o u n d  t o  be  v e r y  

c r i t i c a l  i n  t h i s  c a s e .  R e a c t i o n  t i m e s  o v e r  24-28  h o u r s  

p r o d u c e d  i n c r e a s i n g  q u a n t i t i e s  o f  m e t h y l - 5 - p h e n o x y - v a l e r a t e .

A l l  a t t e m p t s  a t  p r e p a r i n g  a , a ~ d i m e t h o x y - C t - £ - n i t r o p h e n o x y -  

- t o l u e n e ,  u s i n g  m e t h a n e - s u l p h o n i c  a c i d  as  c a t a l y s t ,  by  p r o ­

g r e s s i v e l y  r e d u c i n g  t h e  m o l a r  e q u i v a l e n t s  o f  j ^ - n i t r o p h e n o l  

r e s u l t e d ,  o n l y ,  i n  t h e  f o r m a t i o n  o f  p - n i t r o a n i s o l e  and  

m e t h y l - 5 - p - n i t r o p h e n o x y - v a l e r a t e . W hile  none o f  t h e  r e q u i r e d

p r o d u c t  was o b t a i n e d  f u r t h e r  r e d u c t i o n  i n  t h e  m o l a r  e q u i v a l e n t s  

o f  j > - n i t r o p h e n o l  and  c a r e f u l  s t u d y  a t  v a r i o u s  t e m p e r a t u r e s  

may r e s u l t  i n  s u c c e s s .

S e v e r a l  m e thods  w ere  t r i e d  t o  s y n t h e s i s e  2 - m e th o x y - 2 - j ) -  

—n i t r o p h e n o x y - t e t r a h y d r o p y r a n  f rom  t h e  0 - m e t h y l  v a l e r o l a c t o n i u m  

f l u o r o b o r a t e  s a l t  and f rom  2 , 2 - d i m e t h o x y t e t r a h y d r o p y r a n  w i t h ­

o u t  s u c c e s s .  To d a t e  o n l y  one £ - n i t r o p h e n o x y -  d e r i v a t i v e ,  

o f  an  o r t h o - a m i d e ,  i s  known to  t h e  a u t h o r s .  T h is  i s  shown 

i n  f i g .  97 and  c a n  be  s e e n  t o  a l s o  c o n t a i n  a c a r b o n y l  a d j a c e n t  

t o  t h e  n i t r o g e n  a tom.
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A t t e m p t e d  S y n t h e s i s  o f  2 - m e t h o x y - 2 - p h e n y l - 4 , 4 ,  5 « 5 - t e t r a -  

m e t h y l - 1 , 3 - d i o x o l a n

S i n c e  d i r e c t  m e thods  o f  t h e  s y n t h e s i s  o f  t h e  above  compound 

f ro m  t r i m e t h y l  o r t h o b e n z o a t e  an d  p i n a c o l  p r o v e d  u n s u c c e s s f u l  

i t  was n o t e d  t h a t  a p o s s i b l e  r o u t e  t o  t h i s  compound c o u l d  be 

o b t a i n e d  by  t h e  s y n t h e s i s  o f  2- p h e n y l - 4 , 4 ,  5 ,  5 - t e t r a m e t h y . l - l ,

3—d i o x o l e n i u m  f l u o r o b o r a t e  f o l l o w e d  by  m e t h a n o l y s i s •

The s y n t h e s i s  o f  t h e  f l u o r o b o r a t e  s a l t  was o b s e r v e d  t o  b e  

s i m i l a r  t o  t h a t  o f  a c y c l o b u t a n e  s y s t e m  ( s e e  f i g .  98 )  e i t h e r  

v i a  t h e  d i b e n z o a t e  e s t e r  and s u b s e q u e n t  r e a c t i o n  w i t h  b o r o n  

t r i f l u o r i d e  o r  v i a  t h e  h a l o g e n a t e d  m o n o b e n zo a te  and  s u b s e q u e n t  

r e a c t i o n  w i t h  s i l v e r  f l u o r o b o r a t e .  While  a t t e m p t s  w ere  

c a r r i e d  o u t  on t h e  f o r m e r  r e a c t i o n  t h e  p r e c u r s o r ,  2 , 3 - d i m e t h y l -  

- b u t - 2 - e n e ,  was o r d e r e d  f o r  t h e  s e c o n d  r e a c t i o n .  A f t e r  10

m onths  t h i s  p r e c u r s o r  s t i l l  h a s  n o t  a r r i v e d !

A l l  a t t e m p t s  t o  s y n t h e s i s e  t h e  d i b e n z o a t e  e s t e r  f rom  b o t h  

o r d i n a r y  e s t e r i f i c a t i o n  r e a c t i o n s  and r e p l a c e m e n t  r e a c t i o n s  

h a v e  p r o v e d  u n s u c c e s s f u l .  The l a t t e r  r e a c t i o n  t h a t  o f  s i l v e r  

b e n z o a t e  a n d  2 , 3 - d i b r o m o - 2 , 3 - d i m e t h y l - b u t a n e  r e s u l t e d  i n  t h e  

m o n o e s t e r  e l i m i n a t i o n  p r o d u c t .

S i m i l  a r l y  a t t e m p t s  t o  s y n t h e s i s e  t h e  b r o m i n a t e d  m o n o e s t e r  

by  t h e  r e a c t i o n  o f  2- p h e n y l - 4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 - d i o x o l a n  

i n  t h e  p r e s e n c e  o f  N - b ro m o s u c c in im id e  ( N . B . S . ) w i t h  b o t h  p h o t o ­

c h e m i c a l  and  t h e r m a l  r o u t e s  h a v e  p r o v e d  n e g a t i v e .
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A t t e m p t s  w ere  a l s o  made t o  remove m e th y l  and h y d r o g e n
A  /g r o u p s  by  oxonium s a l t s  by  t h e  m ethods  o f  Kabuss  ( s e e  f i g .  9 9 )  

and M eerw ein  b u t  w i t h o u t  s u c c e s s  ( s e e  a l s o  P e r s t , ’*’^  p ag e  4 3 ) .  

Whereas  b o t h  r e f e r e n c e s  h ad  s t u d i e d  t h e  u n s u b s t i t u t e d  d i o x o l a n s  

i t  was h o p e d  t h a t  t h i s  c o u l d  be e x t e n d e d  to  t h e  t e t r a m e t h y l  

d e r i v a t i v e .  T h is  o f  c o u r s e  was fo u n d  n o t  t o  be  t r u e .  I n  

M e e rw e in 1s p a p e r  a f u r t h e r  p o s s i b l e  r e a c t i o n  was s e e n  w h ich  

c o u l d  be e x t e n d e d  to  t h e  p h e n y l  d e r i v a t i v e  o f  t h e  s u b s t i t u t e d  

d i o x o l a n s .  I t  was t r i e d  and fo u n d  t o  be  s u c c e s s f u l  (method  3 ) .

P r e l i m i n a r y  s t u d i e s  on t h e  m e t h a n o l y s i s  o f  t h e  c a r b e n iu m  

s a l t  o b t a i n e d  h a s  shown t h e  f o r m a t i o n  o f  t h e  2 -m e th o x y  

d e r i v a t i v e  and t h e  o p en  c h a i n  f o rm .  The f i r s t  a t t e m p t  t o  

d i s t i l l  t h i s  m a t e r i a l  r e s u l t e d  i n  i t s  d e c o m p o s i t i o n ,  p o s s i b l y  

b e c a u s e  a  h i g h  enough  vacuum was n o t  u s e d

A. See  P r e p a r a t i v e  E x p e r i m e n t a l  R e f .  23.

B. 11 11 “ R e f .  24 .
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DISCUSSION -  U.V. S p e c t r o s c o p y  K i n e t i c s )

H y d r o l y s i s  o f  d i - t - b u t o x y  b e n z a l  and a - a c e t o x v - a - t - b u t o x v - t o l u e n e .

The b a c k g r o u n d  i n t r o d u c t i o n  t o  a c e t a l  h y d r o l y s i s  h a s  b e e n  

d i s c u s s e d  i n  s e v e r a l  r e v i e w s  and  a l s o  by  s e v e r a l  p r e v i o u s  P h .D .

+ p + 1 2 8s t u d e n t s .

I t  i s  s u f f i c i e n t  t o  s a y  t h a t  a c e t a l  h y d r o l y s i s  i s  

u n d e r s t o o d  t o  be  a m u l t i s t e p  r e a c t i o n ,  b e i n g ,  e i t h e r  s p e c i f i c  

a c i d  c a t a l y s e d  i n v o l v i n g  p r o t o n a t e d  s u b s t r a t e ,  c a r b o x o n iu m  

i o n  and h e m i a c e t a l  as  c o n s e c u t i v e  d i s c r e t e  i n t e r m e d i a t e s  a l o n g  

t h e  r e a c t i o n  p a th w a y  t o  f o r m a t i o n  o f  t h e  a l d e h y d e  p r o d u c t ,  o r  

g e n e r a l  a c i d  c a t a l y s e d  i n v o l v i n g  c o n c u r r e n t  p r o t o n a t i o n  and 

bond  b r e a k i n g  i n  t h e  i n i t i a l  s t e p  w i t h  no d i s c r e t e  s p e c i e s  

b e i n g  fo rm e d  i n  t h a t  f i r s t  s t e p  ( s e e  f i g u r e  1 0 0 ) .

B u f f e r  C a t a l y s i s

173T h r o u g h o u t  t h e  e x p e r i m e n t a l  work  t h e  t e c h n i q u e  o f  B e l l  

was u s e d ,  t h e  p s e u d o - f i r s t  o r d e r  r a t e  c o n s t a n t s  b e i n g  d e t e r ­

m ined  a t  v a r i o u s  b u f f e r  c o n c e n t r a t i o n s  w h i l e  t h e  i o n i c  s t r e n g t h ,  

b u f f e r  r a t i o  and pH were  h e l d  c o n s t a n t .  F o r  a l l  t h e  b u f f e r  

c o n c e n t r a t i o n s  u s e d  t h e  c o n c e n t r a t i o n  o f  t h e  u n d i s s o c i a t e d  

a c i d  was t a k e n  as  t h e  s t o i c h i o m e t r i c  c o n c e n t r a t i o n .

The r e s u l t s  a r e  g i v e n  i n  t h e  K i n e t i c  E x p e r i m e n t a l  (U.V.  

S p e c t r o s c o p y )  S e c t i o n  i n  T a b le s  1 6 - 2 2 .

K i n e t i c  R a te  Law

W hile  t h e  g e n e r a l  r a t e  e q u a t i o n  f o r  t h e  h y d r o l y s i s  o f
129a c e t a l s  as  f o u n d  i n  t h e  r e v i e w  by Cordes  and  B u l l  i s  r e p r e -
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s e n t e d  as

k obs  = k H® f H ] + ^ kHÂ -HA^i  + k 0

T h i s  e q u a t i o n  i s  n o t  r e p r e s e n t a t i v e ,  however ,  w here  t h e  r a t e  

d e t e r m i n i n g  s t e p  i s  d e c o m p o s i t i o n  o f  t h e  h e m i a c e t a l .  L a t e r  

i t  w i l l  be shown t h a t  w i t h  d i —t —b u t y l  b e n z a l  r a t e  d e t e r m i n i n g  d e ­

c o m p o s i t i o n  o f  t h e  a c e t a l  o c c u r s  a t  h i g h  pH and r a t e  d e t e r ­

m i n i n g  d e c o m p o s i t i o n  o f  t h e  h e m i a c e t a l  o c c u r s  a t  low pH.

S i m i l a r l y  t h e  h y d r o l y s i s  o f  t h e  a c y l a l ,  a - a c e t o x y - a - t - b u t o x y -  

—t o l u e n e ,  i n  t h e  pH r a n g e  s t u d i e d  Vlas a lw ay s  r a t e  d e t e r m i n i n g  

d e c o m p o s i t i o n  o f  t h e  h e m i a c e t a l .

F u r t h e r  t e r m s  a r e  r e q u i r e d  to  be ad d ed  to  t h e  r a t e  e q u a t i o n  

above  i n  v ie w  o f  t h e  p o s s i b i l i t y  o f  c a t a l y s i s  o f  t h e  b reakdow n  

o f  t h e  h e m i a c e t a l  s p e c i e s  by  b a s e  c a t a l y s i s  a n d ,  a t  l e a s t  i n  

t h e o r y ,  t h e  p o s s i b i l i t y  o f  g e n e r a l  b a s e  c a t a l y s i s .

k 0bs  = k o + k H® + ?  kHA^HA  ̂ + ?  k A® +^ 0

A p l o t  o f  k  ^ as  b u f f e r  c o n c e n t r a t i o n  r e s u l t s ,  t h e r e f o r e ,  

i n  d i f f e r e n t  a s s i g n m e n t s  t o  t h e  s l o p e  i n  t h e  c a s e  o f  a c e t a l  

h y d r o l y s i s  d e p e n d i n g  on t h e  r a t e  d e t e r m i n i n g  s t e p  o f  t h e  

r e a c t i o n .  At h i g h  pH w here  r a t e  d e t e r m i n i n g  b reak d o w n  o f  t h e  

a c e t a l  i s  o b s e r v e d  t h e  e q u a t i o n s  a r e  r e p r e s e n t e d  a s ;

k , = k  , [HAl + k .  , w here  o n l y  one a c i d  b u f f e r  i sobs  s l o p e  m x

p r e s e n t

k . , ktr + [ H*̂  ] + ki n t  = H L J o

k s l o p e  ~ kHA



At low pH f o r  a c e t a l  h y d r o l y s i s  and  f o r  t h e  c o m p le t e  r a n g e  o f  

a c y l a l  h y d r o l y s i s  s t u d i e d ;

k 0bs  = k o + kH+ [H+] + k -0 H [ ‘ 0H] + k HA[HA  ̂ + k A~ Ka[HAJ

[H+ ]

s i n c e

Ka = [ A - ] [H + ]

[HA]

A p l o t  o f  k  ^ as  [HA] g i v e s

k i n t  = k o + k H + + k - 0Ht " 0H]

Kw = [H+ ][~OH]

i . e .  k i n t  = k Q + k H + [H ] + k 0HKm

[H+ ]

k s l o p e  = k HA + k A~ Ka

[H+ ]

S i t e  o f  Bond F i s s i o n

I s o t o p i c  and r e l a t e d  s t u d i e s  o f  a c e t a l s  h av e  shown t h a t  

t h e  c l e a v a g e  o f  t h e  p r o - a c y l / o x y g e n  bond  o c c u r r e d  r a t h e r  t h a n  

a l k y l / o  x y g en  bond  c l e a v a g e .

I n  t h e  c a s e  o f  < ¥ - a c e t o x y - a - t - b u t o x y - t o l u e n e  t h e  p o s i t i o n  

o f  i n i t i a l  bond c l e a v a g e  o f  t h e  a c e t o x y  o r  t - b u t y l  g ro u p  i s  

a  p o i n t  o f  c o n s i d e r a t i o n .  Many s t u d i e s  on r e l a t e d  a c y l a l s  

h a v e  b e e n  i n t e r p r e t e d  i n  t e r m s  o f  r e a c t i o n  a t  t h e  a c e t o x y - c a r b o n  

o r  r a t e  d e t e r m i n i n g  f i s s i o n  b e tw e e n  t h e  p r o - a c y l  c a r b o n  and t h e
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a c e t o x y  o r  a l k o x y  g r o u p s .  S u m m a r i ly ,  t h e r e f o r e ,  r e a c t i o n s  

o f  a c y l a l s  c a n  be r e g a r d e d  as  e i t h e r  a s i m p l e  e s t e r  h y d r o l y s i s  

o r  t h e  l o s s  o f  a good l e a v i n g  g r o u p ,  a c e t a t e ,  w i t h  s u b s e q u e n t  

r e a c t i o n  o f  t h e  c a rb o x o n iu m  i o n .

An a p p r o x i m a t e  v a l u e  f o r  t h e  r a t e  o f  h y d r o l y s i s  o f  

a - a c e t o x y - a - m e t h o x y - t o l u e n e , w i t h  a c y l  oxygen  f i s s i o n ,  can  be 

e s t i m a t e d  f rom  t h e  r a t e  o f  h y d r o l y s i s  o f  o c - a c e t o x y - a - p - n i t r o -  

p h e n o x y —t o l u e n e . T h is  compound was shown by F i f e  and  De to  

r e a c t  by  t h i s  p a t h w a y ,  t h e  a l t e r n a t i v e  p a th w a y  v i a  a c a r b o x ­

onium i o n  b e i n g  u n f a v o u r a b l e  b e c a u s e  o f  t h e  e l e c t r o n —w i t h d r a w i n g  

p r o p e r t i e s  o f  t h e  n i t r o - p h e n o l  g r o u p .  S i n c e  r e p l a c e m e n t  o f  

t h e  p - n i t r o p h e n o x y  g ro u p  by t h e  m e thoxy  g ro u p  w ou ld  n o t  be 

e x p e c t e d  to  hav e  a l a r g e  e f f e c t  on t h e  r a t e  o f  r e a c t i o n  w h ich

i n v o l v e s  a t t a c k  a t  t h e  a c y l  g ro u p  t h e  o b s e r v a t i o n  t h a t
3 5a - a c e t o x y - a - p - n i t r o p h e n o x y - t o l u e n e  r e a c t s  10 to  10 t i m e s  

s l o w e r  t h a n  o c - a c e to x y -c c -m e th o x y - to lu e n e  s u g g e s t s  t h a t  any  

r e a c t i o n  o f  t h e  l a t t e r  i n v o l v i n g  a c y l - o x y g e n  f i s s i o n  i s  n e g l i ­

g i b l e .  I t  was a l s o  shown t h a t  o c - c h l o r a c e t o x y - a - m e t h o x y - t o l u e n e

h y d r o l y s e s  a t  an i d e n t i c a l  r a t e  t o  t h a t  o f  a - a c e t o x y - a - m e t h o x y -
1 7 4—t o l u e n e  w h ich  was e x p l a i n e d  by Capon e t  a-1 as  b e i n g  due to  

i n i t i a l  l o s s  o f  t h e  a c e t o x y  o r  c h l o r o a c e t o x y  f u n c t i o n  f o l l o w e d  

b y  r a t e  d e t e r m i n i n g  d e c o m p o s i t i o n  o f  t h e  h e m i a c e t a l  f o rm e d .

W hi le  s t e r i c  e f f e c t s  c o u l d  p l a y  an i m p o r t a n t  p a r t  i n  

c h a n g i n g  t h e  r e a c t i o n  mechanism i n  g o in g  f rom  a - a c e t o x y - a -  

- m e t h o x y - t o l u e n e  to  a - a c e t o x y - a - t - b u t o x y - t o l u e n e ,  a b r i e f  

c o m p a r i s o n  o f  t h e  r a t e s  o f  h y d r o l y s i s  e x t r a p o l a t e d  t o  z e r o



GRAPHS OF A b s o rb a n c e  v e r s u s  t i m e  f o r  t h e  H y d r o l y s i s  o f  
D i - t - b u t y l  B e n z a l

1 .  P h o s p h a t e  B u f f e r  pH 6 . 7 7  1 = 0.05M
( S c h e m a t i c  R e p r e s e n t a t i o n )

80 64 48 32 16
Time(min.)

Abs.

2.  I m i d a z o l e  B u f f e r  pH 7 . 0 5  I  = 0 . 05M 
( S c h e m a t i c  R e p r e s e n t a t i o n )

+  + + + + ♦  ♦ + + + + + + +
+ +

Abs.

80 64 4 8 32 16
Time(min.)

Fig 101
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b u f f e r  c o n c e n t r a t i o n  show v e r y  s i m i l a r  r e s u l t s  ( tab le  10 ). B o th  r a t e s  

a r e  much g r e a t e r  t h a n  t h e  r a t e  o b t a i n e d  f o r  t h e  h y d r o l y s i s  o f  

( X - a c e t o x y - a - p - n i t r o p h e n o x y - t o l u e n e . F u r t h e r  c o m p a r i s o n s  w i l l  

be  g i v e n  l a t e r  i n  t h e  d i s c u s s i o n .

T a b le  10

pH B u f f e r  

4 , 6 4  A c e t a t e  

4 . 6 3  A c e t a t e  

1 . 0  (HCjI 0 .1M)

a .  R e f .  174

b .  T h i s  work

1 0 ^k ( s e c ~ ^ )
a1 . 6 2

1 . 8 4 1

0 . 7 6 1

c .  Ref.  176

15 °C

a - a c e t o x y - a - m e t h o x y - t o l u e n e

c c - a c e t o x y - a —t - b u t o x y - t o l u e n e

C £ - a c e t o x y - a - p - n i t r o p h e n o x y -  
t o l u e n e  “

( I  = 0 . O5M)

Change i n  t h e  R a te  D e t e r m i n i n g  S t e p  w i t h  -pH

B u f f e r  c a t a l y s i s  was o b s e r v e d  i n  t h e  h y d r o l y s i s  o f  

d i - t - b u t o x y - b e n z a l  i n  a c e t a t e  b u f f e r  a t  pH 3 .9 9  ( t a b l e  16) .  

U n f o r t u n a t e l y  t h e  s e p a r a t e  kjj q , k ^ + , e t c .  v a l u e s  c a n n o t  be 

c a l c u l a t e d  f ro m  one i n t e r c e p t  v a l u e .

A t  pH 4 . 6 3  and  up t o  a p p r o x i m a t e l y  pH 7 v a r y i n g  m a g n i t u d e s  

o f  an  i n d u c t i o n  p e r i o d  ( s e e  f i g -. 1 01 )  c o u ld  be o b s e r v e d .  As 

a  c o n s e q u e n c e  o f  t h i s  w h i l e  r a t e  c o n s t a n t s  c o u l d  be o b t a i n e d  

w h ic h  ’’f i t t e d ” a  1 s t  o r d e r  p l o t  t h e  s t a n d a r d  d e v i a t i o n s  showed 

v e r y  l a r g e  e r r o r s  ( t a b l e  19) .

S i m i l a r  o b s e r v a t i o n s  i n  t h e  h y d r o l y s i s  o f  o t h e r  a c e t a l s  

h a v e  a l s o  shown t h i s  two s t e p  n a t u r e  i n  t h e i r  r a t e  p l o t s .
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At pH 7 . 0 3  t h e r e  was a r e t u r n  t o  1 s t  o r d e r  k i n e t i c s  

( w i t h i n  e x p e r i m e n t a l  e r r o r  w i t h  a  p o s s i b l e  s l i g h t  i n d u c t i o n  

p e r i o d  ~  1 mm) w i t h  a  v e r y  much r e d u c e d  r a t e  c o n s t a n t  ( t a b l e  2 0 ) 

b u t  i n  t h i s  c a s e  no b u f f e r  c a t a l y s i s  i n  i m i d a z o l e  was s e e n .

A c o m p a r i s o n  o f  t h e  r a t e s  o f  h y d r o l y s i s  k ^ and t h e  

p l o t s  o f  k ^ ^  v e r s u s  a c i d  c o n c e n t r a t i o n  f o r  d i - t - b u t o x y  b e n z a l  

and  a - a c e t o x y - a - m e t h o x y - t o l u e n e , a t  pH 3 .9 9  show a l m o s t  

i d e n t i c a l  v a l u e s  f o r  t h e  r a t e  c o n s t a n t s  and s l o p e s  o f  t h e  

l i n e s  ( s e e  t a b l e s  16 and 1 7 ) .

A s i m i l a r  c o m p a r i s o n  a t  pH 7 . 0 3  ( t a b l e s  20 and  21)  shows 

a  d r a m a t i c  d i f f e r e n c e  i n  t h e  t y p e  o f  c a t a l y s i s ,  c t - a c e t o x y —a —t — 

- b u t o x y - t o l u e n e  h a v i n g  p r o n o u n c e d  b u f f e r  c a t a l y s i s  and  a p p r o x i ­

m a t e l y  10 t i m e s  f a s t e r  a t  z e ro  a c i d  c o n c e n t r a t i o n .

The i n t e r v e n i n g  pH r a n g e ,  a t  pH 4 .6 3  i n  a c e t a t e  b u f f e r ,

1 s t  o r d e r  r a t e  c o n s t a n t s  can  s t i l l  be  o b t a i n e d  f o r  a - a c e t o x y - a -  

- t - b u t o x y ~ t o l u e n e  h y d r o l y s i s  w i t h  b u f f e r  ( t a b l e  1 8 ) .

The above  c o n s i d e r a t i o n s  h av e  r e s u l t e d  i n  t h e  s u g g e s t i o n  

t h a t  a ch a n g e  i n  t h e  r a t e  d e t e r m i n i n g  s t e p  f o r  t h e  h y d r o l y s i s  

o f  d i - t - b u t o x y  b e n z a l  h a s  t a k e n  p l a c e  o v e r  t h e  c e n t r a l  pH r e g i o n  

w i t h  r a t e  d e t e r m i n i n g  b reak d o w n  o f  t h e  h e m i a c e t a l  a t  low pH 

and  r a t e  d e t e r m i n i n g  b reakdow n  o f  t h e  a c e t a l  a t  h i g h  pH.

I n  t h e  o r i g i n a l  s t u d i e s  o f  t h e  h y d r o l y s i s  o f  d i - t - b u t o x y
177b e n z a l  by  A n d e r so n  and F i f e  no comment was g i v e n  on any  

i n d u c t i o n  p e r i o d  i n  t h e  k i n e t i c  t r a c e s .  T h e i r  s t u d i e s  w ere  

c a r r i e d  o u t  a t  25°C i n  aqueous  s o l u t i o n  c o n t a i n i n g  a f i n a l  c o n c e n ­

t r a t i o n  o f  1% a c e t o n i t r i l e  ( d e r i v e d  f rom  t h e  s t o c k  s o l u t i o n  o f  t h e
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P l o t  o f  k ^ s  v e r s u s  a c e t i c  a c i d  c o n c e n t r a t i o n  
f o r  t h e  H y d r o l y s i s  o f  d i - t - b u t o x y  b e n z a l .
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a c e t a l ) .  The i o n i c  s t r e n g t h  was m a i n t a i n e d  a t  1 . 0M by 

p o t a s s i u m  c h l o r i d e .

G e n e r a l  a c i d  c a t a l y s i s  was o b s e r v e d  w i t h  a  h i g h  h y d r o l y s i s  

r a t e  ( s e e  f i g -. 102 ) and was e x p l a i n e d  as  b e i n g  due t o  

" f a c i l i t a t i o n  o f  bond b r e a k i n g  by r e l e a s e  o f  s t e r i c  s t r a i n  

p r o d u c e d  b y  t h e  b u l k y  t - b u t y l  g ro u p s  i n  t h e  g ro u n d  s t a t e " .

S e v e r a l  q u e s t i o n s ,  h o w e v e r ,  a r i s e  as  t o  w h e t h e r  t h e  

r e s u l t s  a r e  i n  f a c t  c o r r e c t  b u t  p r o b le m s  a r i s e  i n  t h e  d i r e c t  

c o m p a r i s o n  o f  t h e s e  t o  p r e s e n t  r e s u l t s  i n  t h i s  t h e s i s .

The p r o b le m s  a r e  t h a t  t h e  i o n i c  s t r e n g t h  o f  t h e  s o l u t i o n s  

a r e  d i f f e r e n t  and  h e n c e  t h e  a c i d  c o n c e n t r a t i o n  i s  e f f e c t i v e l y  

h i g h e r  i n  A n d e r so n  and F i f e ' s  s t u d y .  The t e m p e r a t u r e  i s  25°C 

r a t h e r  t h a n  15°C f o r  p r e s e n t  s t u d i e s .  These  f a c t o r s  may h a v e  

r e s u l t e d  i n  a c h a n g e  i n  t h e  p o s i t i o n  o f  c h a n g e o v e r  i n  t h e  r a t e  

d e t e r m i n i n g  s t e p  to  much h i g h e r  pH v a l u e s .

I n  t h e i r  s t u d y  A n d e rso n  and F i f e  showed o n l y  t h e  pH’ s a t  

w h ic h  a c e t a t e  b u f f e r  h y d r o l y s i s  o c c u r r e d  ( s e e  f i g ' .  102  ) b u t  

i n  t h e  c a s e  o f  p h o s p h a t e  b u f f e r  no pH was g i v e n  and one can  

o n l y  assum e i t  was q u i t e  n e a r  to  pH 6 i f  no i n d u c t i o n  p e r i o d  

was o b s e r v e d .  The o b s e r v a t i o n  o f  g e n e ra l -  a c i d  c a t a l y s i s  

s u g g e s t s  t h a t  b r eak d o w n  o f  t h e  h e m i a c e t a l  was b e i n g  o b s e r v e d ,  

s i n c e  u n d e r  c o n d i t i o n s  w here  t h e  b reak d o w n  o f  t h e  a c e t a l  i s  

r a t e —d e t e r m i n i n g  t h e  r e a c t i o n  i n  i m i d a z o l e  b u f f e r ,  a t  l e a s t ,  

w o u ld  a p p e a r  t o  be s p e c i f i c  a c i d  c a t a l y s e d  o r  v e r y  w e a k l y  

g e n e r a l  a c i d  c a t a l y s e d  as  s t a t e d  e a r l i e r .



P l o t  o f  f o r  G e n e r a l  A c id  C a t a l y s i s  o f  t h e  
H y d r o l y s i s  v e r s u s  pKa o f  c a t a l y s i n g  a c i d .

Sue c i n a t e

P h o s p h a t e

PKa
R e f .  177
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The v a l u e s  o f  k Qbg e x t r a p o l a t e d  to  z e r o  b u f f e r  c o n c e n -
—2 —1 —3 —1t r a t i o n  a r e  o f  t h e  o r d e r  1 . 4  x 10 s e c  and 0 . 7  x 10 s e c

i n  a c e t a t e  b u f f e r s  a t  pH 5 . 4 2  and  5 .6 7  a t  25°C.  These  v a l u e s  

a r e  o f  t h e  same m a g n i tu d e  to  t h a t  o b t a i n e d  a t  pH 3 .9 9  i n  

a c e t a t e  b u f f e r  i n  t h e  p r e s e n t  s t u d y  o f  d i - t - b u t y l  b e n z a l  o f  

7 . 7  x  10- 2 s e o _1 a t  15°C.

The g r a p h  o f  t h e  p l o t  o f  f o r  t h e  g e n e r a l  a c i d

c a t a l y s e d  h y d r o l y s i s  o f  d i - t - b u t y l  b e n z a l  v e r s u s  t h e  pKa o f  

t h e  c a t a l y s i n g  a c i d  i s  shown i n  f i g r. 1 0 3 . ( C o p ie d  f rom  t h e  

d i a g r a m  i n  t h e  p a p e r  by A n d e r so n  and  F i f e ) .  I t  i s  i n t e r e s t i n g  

t o  n o t e  t h a t  t h e  p o i n t s  t a k e n  f o r  t h i s  p l o t  c o r r e s p o n d  t o  t h e  

a c i d s  h y d r o n iu m ,  a c e t i c ,  s u c c i n i c  and p h o s p h o r i c .  These  

a c i d s ,  a s  w i t h  o t h e r  a c i d s  o f  d i f f e r e n t  g e n e r a l  s t r u c t u r e s ,  

s h o u l d  n o t  n e c e s s a r i l y  l i e  on t h e  same l i n e a r  p l o t  as  shown.

I n  f a c t  t a k i n g  a c e t i c  and s u c c i n i c  a c i d s  which  hav e  a s i m i l a r  

s t r u c t u r e ,  a c o m p l e t e l y  d i f f e r e n t  s l o p e  can be o b t a i n e d .  The 

v a l u e  o f  t h i s  s l o p e  c a l c u l a t e d  t h r o u g h  a l l  t h e  p o i n t s  by 

A n d e r s o n  and F i f e  may n o t  i n  f a c t  be c o r r e c t .

A n a l y s i s  o f  R e s u l t s

Whereas  t h e  i n d i v i d u a l  r a t e  c o n s t a n t s  c a n n o t  be o b t a i n e d  

f o r  t h e  h y d r o l y s i s  o f  d i - t - b u t o x y  b e n z a l  due to  i n s u f f i c i e n t  

d a t a ,  v a l u e s  o f  kjj + , kjj q and  can  be o b t a i n e d  f o r  t h e

b re ak d o w n  o f  b e n z a l d e h y d e  t - b u t y l  h e m i a c e t a l  f ro m  t h e  r e s u l t s  

o f  a—a c e t o x y - a - t - b u t o x y - t o l u e n e  ( t a b l e  l l ) .  F o r  c o m p a r i s o n  

t h e  c o r r e s p o n d i n g  v a l u e s  f o r  b e n z a l d e h y d e  m e th y l  h e m i a c e t a l
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f ro m  t h e  h y d r o l y s i s  o f  a - a c e t o x y - a - m e t h o x y - t o l u e n e  a r e  a l s o  

i n c l u d e d .

T a b le  11 B u f f e r  I n d e p e n d e n t  R a te  C o n s t a n t s  f o r  t h e  Breakdown o f

B e n z a l d e h y d e  H e m i a c e t a l s  a t  1 5 ° C . a PhCH(QR)OH

R kH 0 ( M - l s _ 1 )  k -0 H ( M _ l s - 1 )  k j j+ C M -’-s- 1 )

CH 9 . 3 3  x 10- 5  6 . 8 7  x 1 0 5 261

C(CH ) b 8 . 2 9  x 10~6 4 . 5 2 6  x 1 0 5 7 6 6 .5 3

a .  I o n i c  S t r e n g t h  = 0 . 0 5  M.

b .  E r r o r s  i n  v a l u e s  o f  q 3 .D  = 3 3 S. D = 6.48/6 

kH + S .D = 0 , 7 ^  e s t i m a t e d  by  t h e  m ethod  i n  r e f .

I t  c an  e a s i l y  be s e e n  t h a t  w i t h i n  e x p e r i m e n t a l  e r r o r  kjj q

and k-Qjj d e c r e a s e  w i t h  t h e  i n c r e a s e d  number  o f  m e th y l  g r o u p s .

kH + , h o w e v e r ,  i n c r e a s e s  w i t h  t h e  i n c r e a s e  i n  t h e  m e t h y l  g r o u p s .
175

S i m i l a r  o b s e r v a t i o n s  by J e n c k s  e t  a l  a r e  s e e n  f o r  t h e  h y d r o l y s i s  

o f  f o r m a l d e h y d e  h e m i a c e t a l s  ( s e e  t a b l e  1 2 ) .

T a b l e  12 B u f f e r  I n d e p e n d e n t  R a te  C o n s t a n t s  f o r  t h e  Breakdown 

o f  F o r m a ld e h y d e  h e m i a c e t a l s  a t  25°Ca CH^COR^OH

R kH 0 (M_1s - 1 )  k -0 H (M” l s _ 1 )  k H + (M~1 s _ : l )

CH" 3 . 2 7  x 10-5  2 . 3 4  x  1 0 3 0 . 5 8

CH2 CH 2 . 9 3  x 10~5 1 . 3  x  10^ 0 . 7 4| -5  , ,  .. , ^ 3

a .  I o n i c  S t r e n g t h  = 1 . 0  M.
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I t  can  be  a r g u e d  t h a t  a  more e l e c t r o n - r e l e a s i n g  f u n c t i o n

a c t s  t o  d o n a t e  more e l e c t r o n s  t o w a r d s  t h e  o x y g en  o f  t h e  O - a l k y l

g r o u p  r e s u l t i n g  i n  e a s i e r  p r o t o n a t i o n  and h e n c e  l o s s  o f  t h e

a l k y l  f u n c t i o n  i n  a c i d  s o l u t i o n  ( f i g .  104  ) .  However  s t e r i c

i n t e r a c t i o n s  m u s t  a l s o  c o n t r i b u t e  to  t h i s  r a t e  e n h a n c e m e n t .

I n  t h e  c a s e  o f  a l k a l i n e  h y d r o l y s i s  t h i s  e l e c t r o n  d o n a t i o n  w o u ld

t e n d  t o  d e s t a b i l i s e  t h e  t r a n s i t i o n  s t a t e  w here  an a l k o x y

f u n c t i o n  w ou ld  t e n d  to  be  fo rm e d  s i n c e  a p a r t i a l  n e g a t i v e

c h a r g e  w o u ld  a l r e a d y  be l o c a t e d  on t h e  oxygen  o f  t h e  O - a l k y l

f u n c t i o n  ( f i g .  IO4 ) .

The i n t e r v e n i n g  pH, where  k^  q w ou ld  t e n d  t o  c o n t r i b u t e

much m o re ,  i s  more d i f f i c u l t  t o  d e f i n e  s i n c e  b o t h  e a s e  o f

p r o t o n a t i o n  and r e l e a s e  o f  s t e r i c  s t r a i n  s h o u l d  p l a y  i m p o r t a n t

p a r t s  ( f i g .  IO4 )

A c o m p a r i s o n  o f  t h e  r e s u l t s  i n  t a b l e s  11 and  12 f o r

R = m e t h y l  show t h e  d i f f e r e n c e s  i n  t h e  r a t e  c o n s t a n t s  b e t w e e n

b e n z a l d e h y d e  an d  f o r m a l d e h y d e  h e m i a c e t a l s .  Q u a n t i t a t i v e l y  i n

t h e  c a s e  o f  t h e  f o r m a l d e h y d e  h e m i a c e t a l  t h e  k^  q c o n t r i b u t e s

much more t o  t h e  r a t e  o f  h y d r o l y s i s  s i n c e  b o t h  kj j+  and
2 3a r e  v e r y  much s m a l l e r ,  by  a f a c t o r  o f  10 -1 0  t h a n  f o r  t h e

c o r r e s p o n d i n g  b e n z a l d e h y d e  h e m i a c e t a l .  On t h e  o t h e r  h a n d  t h e

i n t r o d u c t i o n  o f  a p h e n y l  g ro u p  h a s  o n l y  a s m a l l  e f f e c t  on k „  q .
2

T h i s  i s  r e f l e c t e d  i n  t h e  pH r a t e  p r o f i l e s  where  a much b r o a d e r  

nUM s h a p e d  c u r v e  i s  a p p a r e n t  f o r  t h e  f o r m a l d e h y d e  h e m i a c e t a l s  

t h a n  f o r  t h e  b e n z a l d e h y d e  h e m i a c e t a l s .
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DISCUSSION — N u c l e a r  M a g n e t i c  R e so n an ce  S - p e c t ro s c o p y  K i n e t i c s

Two s e t s  o f  r e p r e s e n t a t i v e  s p e c t r a  f o r  t h e  h y d r o l y s i s  o f  

a c e t o x y - d i m e t h o x y - m e  t h a n e  a r e  shown i n  f i g s .  105 and 106; 

d i f f e r i n g  o n l y  i n  t h e  D ^ O /a ce to n e -D ^  r a t i o .

P r e c o o l i n g  t h e  s u b s t r a t e  i n  a c e t o n e —D. t o  a much l o w e ro
t e m p e r a t u r e  t h a n  - 3 5 ° C ,  u s u a l l y  - 5 0 ° C ,  f o l l o w e d  by t h e  r a p i d  

a d d i t i o n  o f  t h e  r e q u i r e d  q u a n t i t y  o f  D^O u s u a l l y  r e s u l t e d  i n  

t h e  o b s e r v a t i o n  o f  a much g r e a t e r  p r o p o r t i o n  o f  s t a r t i n g  

m a t e r i a l  i n  t h e  i n i t i a l  N.M.R. s p e c t r u m .  Then by warm ing  up 

t h e  N.M.R. i n s t r u m e n t  t o  - 3 5 ° ^  t h e  s p e c t r a  shown i n  f i g s .  105 

and  106 c o u l d  be  o b t a i n e d .  As t h e  r e a c t i o n  p r o g r e s s e d  t h e  

l o s s  o f  s t a r t i n g  m a t e r i a l ,  c h a r a c t e r i s e d  by t h e  l o s s  o f  p e a k s  

a t  6 . 1 7 ,  3 . 3 8  and 2 . 1 2 6 ,  c o u l d  be  o b s e r v e d  w i t h  c o n c u r r e n t  

i n c r e a s e  i n  p e a k s  a t  5 . 2 7 ,  3 . 2 6  and 2 . 0 2 6 .  A much s l o w e r  

i n c r e a s e  i n  t h e  e x p e c t e d  p r o d u c t  p e a k s  a t  8 . 2 2  and 3 .7 3 6  was 

a l s o  o b s e r v e d  o v e r  t h e  whole  r e a c t i o n  t i m e .  At t h e  com­

p l e t i o n  o f  t h e  r e a c t i o n ,  on warming t o  room t e m p e r a t u r e  no 

c h a n g e  i n  t h e  p e a k  p o s i t i o n s  o f  t h e  f i n a l  p r o d u c t s  c o u l d  be  

s e e n  o v e r  t h e  t i m e  i n t e r v a l  s t u d i e d  i . e .  s e v e r a l  h o u r s .  The 

p e a k  a s s i g n e d  t o  w a t e r  v a r i e d  w i t h  t e m p e r a t u r e .

I t  s h o u l d  be e x p e c t e d  t h a t  t h e  N.M.R. s p e c t r u m  o f  t h e  

t e t r a h e d r a l  i n t e r m e d i a t e  i n  t h i s  r e a c t i o n  s h o u l d  be v e r y  

s i m i l a r  t o  t h a t  o f  t r i m e t h y l  o r t h o f o r m a t e  c o n s i d e r i n g  t h e  

v e r y  g r e a t  s i m i l a r i t y  i n  s t r u c t u r e .  The c h e m i c a l  s h i f t s  o f
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t r i m e t h y l  o r t h o f o r m a t e  a r e  g i v e n ,  t h e r e f o r e ,  i n  f i g .  107

Two p l o t s  o f  l o s s  o f  s t a r t i n g  m a t e r i a l ,  f o r m a t i o n  o f  

p r o d u c t  an d  c h a n g e  i n  c o n c e n t r a t i o n  o f  t e t r a h e d r a l  i n t e r ­

m e d i a t e  v e r s u s  t im e  a r e  g i v e n  i n  g r a p h s  1 and 2 .  I t  

c a n  be s e e n  t h a t  i n i t i a l l y ,  o v e r  a  p e r i o d  o f  .ca 2 .5  m i n u t e s ,  

t e m p e r a t u r e  e q u i l i b r i u m  h as  n o t  b e e n  a t t a i n e d  r e s u l t i n g  i n  

a n  i n i t i a l  f a s t  r e a c t i o n  ( g r a p h s  1 and 2 ) .  I t  can  be s e e n  

t h a t  a  4$ change  i n  t h e  D^O c o n c e n t r a t i o n  h a s  r e s u l t e d  i n  an  

a p p r o x i m a t e  1 0 - f o l d  i n c r e a s e  i n  t h e  r a t e  c o n s t a n t  f o r  t h e  

h y d r o l y s i s  o f  t h e  s t a r t i n g  m a t e r i a l  ( s e e  g r a p h s  1 and  2 ; 

an d  t a b l e s  27 and 28 f o r  r a t e  c o n s t a n t s ) .  The r a t e  o f  

h y d r o l y s i s  o f  i n t e r m e d i a t e ,  h o w e v e r ,  does  n o t  seem t o  h a v e  

c h a n g e d  to  a n y  e x t e n t .  The com plex  k i n e t i c s  i n  t h e  s e c o n d  

exam ple  ( g r a p h  2 ) h a s  so  f a r  n o t  a l l o w e d  t h e  c a l c u l a t i o n  

o f  t h e  r a t e  o f  f o r m a t i o n  o f  p r o d u c t .

The r a t e  c o n s t a n t s  g i v e n  i n  t a b l e s  24 to 26 f o r  th e  hydro lys 

o f  a c e t o x y - d i m e t h o x y - m e t h a n e  and  i t s  r e s u l t i n g  i n t e r m e d i a t e  

a r e  t h o s e  i n i t i a l l y  o b t a i n e d .  The l a t e r  v a l u e s  r e c o r d e d  

i n  t a b l e s  27 and 28 a r e  f u r t h e r  s t u d i e s  w h ich  f i r s t  showed 

t h e  i n c o n s i s t e n c y  o f  t h e  d a t a  b e i n g  o b t a i n e d  when t h e  compo­

s i t i o n  o f  t h e  m ixed  s o l v e n t  I ^ O / a c e t o n e - D ^  -was o n l y  a p p r o x ­

i m a t e .  T h i s  d a t a  i s  p r e s e n t e d  o n l y  f o r  c o m p l e t e n e s s  and 

s h o u l d  n o t  b e  t a k e n  f o r  an y  l a t e r  c o m p a r i s o n s .

T a b l e s  27 and 28 r e p r e s e n t  t h e  summary o f  t h e  work 

c a r r i e d  on t h e  h y d r o l y s i s  o f  a c e t o x y - d i m e t h o x y - m e t h a n e  w here
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t h e  D ^ O /a c e to n e -D ^  r a t i o  i s  known a c c u r a t e l y .

D u r i n g  t h e  h y d r o l y s i s  o f  an y  o f  t h e  a c e to x y - c o m p o u n d s  

i t  i s  p o s s i b l e  t h a t  t h e  a c e t i c  a c i d ,  and h y d ro n iu m  i o n ,  

fo rm e d  i n i t i a l l y  w ou ld  c a t a l y s e  f u r t h e r  h y d r o l y s i s  o f  t h e  

r e m a i n i n g  s t a r t i n g  m a t e r i a l  and  t e t r a h e d r a l  i n t e r m e d i a t e .  

U n f o r t u n a t e l y  t h e  e x p e r i m e n t a l  d a t a  i s  n o t  good enough  t o  

d i s t i n g u i s h  t h i s  a u t o c a t a l y s i s  by t h e  f i t t i n g  t o  more a c c u r a t e  

e q u a t i o n s  o f  t h e  t y p e ,

= k J s M ]  + k AcOH[SM][AcOH] + k H + [ S M ] [ H + ]

A~  = k o [ l l + + kH + ] -  (d t

k o [SM] + k AcOH[SM][AeOH] + k H+ [SM][H + ] )

w h e re  [SM] i s  t h e  c o n c e n t r a t i o n  o f  s t a r t i n g  m a t e r i a l  

and  [ I ]  i s  t h e  c o n c e n t r a t i o n  o f  i n t e r m e d i a t e .

W i t h i n  e x p e r i m e n t a l  e r r o r  t h e  r e s u l t s  f i t t e d  t h e  f i r s t  

o r d e r  r a t e  e q u a t i o n .  A t t e m p t s  t o  d e t e c t  t h e  c a t a l y s i s  by 

t h e  l i b e r a t e d  a c e t i c  a c i d  by v a r y i n g  t h e  c o n c e n t r a t i o n  o f  

s t a r t i n g  m a t e r i a l  h a s  l e d  t o  random s c a t t e r  ( s e e  t a b l e s  

A c id  c a t a l y s i s  o f  t h e  d e c o m p o s i t i o n  o f  s t a r t i n g  m a t e r i a l  and 

t e t r a h e d r a l  i n t e r m e d i a t e  h a s  b e e n  o b s e r v e d  u n d e r  o t h e r  c o n ­

d i t i o n s  ( s e e  b e l o w ) .

The h y d r o l y s i s  o f  l - a c e t o x y - 4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 -  

- d i o x o l a n  i n  D ^ O /a c e to n e -D ^  r e p r e s e n t s  t h e  o b s e r v a t i o n  o f  t h e
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m o s t  s t a b l e  t e t r a h e d r a l  i n t e r m e d i a t e  s t u d i e d  i n  t h e  i n v e s t i ­

g a t i o n .  F i g .  108A shows r e p r e s e n t a t i v e  N.M.R. s p e c t r a  a t  

v a r y i n g  s t a g e s  o f  t h e  h y d r o l y s i s  b e g i n n i n g  i n i t i a l l y  a t  - 4 0 ° C .  

T a b le  29 g i v e s  t h e  c a l c u l a t e d  f i r s t  o r d e r  r a t e  c o n s t a n t s  

d e r i v e d  f ro m  t h i s  s t u d y .  The l o s s  o f  s t a r t i n g  m a t e r i a l  c a n  

e a s i l y  be o b s e r v e d  by t h e  l o s s  o f  t h e  a c e t o x y  p e ak  a t  2 . 035  

and  c o n c u r r e n t  f o r m a t i o n  o f  a c e t i c  a c i d  a t  1 . 9 7 6 .  S i m i l a r  

r e p l a c e m e n t  o f  t h e  p r o t o n  on t h e  p o s i t i o n  o f  t h e  d i o x o l a n  

a t  6 . 6 2 6  by  a new p e a k  a t  5 .8 8  6 and  o f  t h e  two p e a k s  c o r r e s p ­

o n d i n g  t o  t h e  m e th y l  g ro u p s  o f  t h e  s t a r t i n g  m a t e r i a l  ( a t  1 . 2 9  

and  1 . 2 1 6 )  by  two new p e a k s  a t  1 . 2 3  and  1 . 1 3 6  can  e a s i l y  be 

s e e n .  The f i n a l  s p e c t r u m  o b t a i n e d  o f  t h i s  i n t e r m e d i a t e  

s p e c i e s  i s  e x t r e m e l y  s i m i l a r  t o  t h a t  o b s e r v e d  f o r  l - m e t h o x y - 4 , 

4 , 5 , 5 - t e t r a m e t h y l - l , 3- d i o x o l a n  h a v i n g  t h e  c h e m i c a l  s h i f t  

shown i n  f i g .  108B. The m u l t i p l e t  c e n t r e d  a t  2 .1 3  6 i s  

a c e t o n e  w h i l e  t h e  b r o a d  p e ak  a t  4 . 1 2 6  i s  w a t e r .

The f o r m a t i o n  o f  p r o d u c t  i s  o b s e r v e d  a t  a much s l o w e r  

r a t e  t h a n  t h e  l o s s  o f  s t a r t i n g  m a t e r i a l  and o n l y  becomes 

r e a s o n a b l y  f a s t  a t  - 1 0  -y 0°C.  T h e r e f o r e  on w arming t o  0°C 

t h e  i n t e r m e d i a t e  s p e c t r u m  ( f i g .  l 0 8 A ( b ) )  ch a n g e s  c o n t i n u o u s l y  

w i t h  t h e  l o s s  o f  t h e  p e a k s  w h ich  h a d  fo rm ed  a t  -4 0 °C  and t h e  

f o r m a t i o n  o f  new p e a k s  r e p r e s e n t a t i v e  o f  t h e  h y d r o l y s e d  p r o d u c t
1

( s e e  f i g .  108B f o r  v a l u e s ) .  The c o m p le t e  l o s s  o f  t h e  i n t e r ­

m e d i a t e  s p e c i e s  o c c u r r e d  a f t e r  a p p r o x i m a t e l y  70 m i n u t e s .

The r a t e  c o n s t a n t s  a r e  g iv e n  i n  t a b l e  2 9 ( a )  — ( c ) .
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U n d e r  c e r t a i n  c i r c u m s t a n c e s ,  a s  i n  t h e  above  s t u d y ,

t h e  p e r c e n t a g e  o f  i n t e r m e d i a t e  p r e s e n t  a t  a n y  one t i m e  c o u l d

be  a s  g r e a t  a s  95% as  s e e n  b y  p r o t o n  N.M.R. I t  was t h o u g h t ,

t h e r e f o r e ,  t h a t  s t u d i e s  o f  t h e s e  t e t r a h e d r a l  i n t e r m e d i a t e s
13c o u l d  a l s o  be c a r r i e d  o u t  by  C N.M.R. The l i m i t a t i o n s  

o f  t h i s  m e th o d ,  h o w e v e r ,  r e q u i r e d  t h a t  t h e  l i f e t i m e  o f  an y  

i n t e r m e d i a t e  h a d  t o  be  q u i t e  l o n g  t o  e n a b l e  t h e  F o u r i e r  

T r a n s f o r m  s p e c t r u m  t o  be o b t a i n e d  c l e a r l y .  These  c o n s i d e r ­

a t i o n s  t h e r e f o r e ,  l i m i t e d  t h e  s t u d y  t o  t h e  h y d r o l y s i s  o f  

1—a c e t o x y —4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 - d i o x o l a n  and t h e  r e s u l t i n g  

t e t r a h e d r a l  i n t e r m e d i a t e  g e n e r a t e d  f rom  i t .  The r e s u l t s  

o f  t h e  a s s i g n m e n t  o f  p e a k s  t o  f u n c t i o n a l  g ro u p s  i n  t h e  

s t a r t i n g  m a t e r i a l ,  i n t e r m e d i a t e  and p r o d u c t  a r e  shown i n  

f i g .  109 t o g e t h e r  w i t h  t h e  c h e m ic a l  s h i f t s  o b s e r v e d  f o r  

l - m e t h o x y - 4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 - d i o x o l a n .

The r a p i d  l o s s  o f  s t a r t i n g  m a t e r i a l ,  a t  - 3 5 ° C ,  c o u l d  

c l e a r l y  be  s e e n  by  o b t a i n i n g  t i m e  a v e r a g e d  s p e c t r a  a t  a p p r o x ­

i m a t e l y  30 m i n u t e  i n t e r v a l s .  A much s l o w e r  i n c r e a s e  i n  

p r o d u c t  c o u l d  be o b s e r v e d  d u r i n g  t h i s  p e r i o d .  The f i n a l  

s p e c t r u m  o f  t h e  p r o d u c t s  o f  t h e  r e a c t i o n  was o b t a i n e d  by 

w arm ing  t h e  s a m p le  t o  a m b i e n t  t e m p e r a t u r e  an d  r e - r u n n i n g  

t h e  s a m p l e .  F i g .  110 a -  d a r e  l i n e  d r a w i n g s  sh o w in g  

t h e  o b s e r v e d  s p e c t r a  o b t a i n e d  d u r i n g  t h i s  s t u d y .
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The s t u d y  o f  t h e  h y d r o l y s i s  o f  l - a c e t o x y - 4 , 4 , 5 , 5 - t e t r a -  

m e t h y l - 1 , 3 - d i o x o l a n  i n  d e u t e r a t e d  h y d r o c h l o r i c  a c i d / a c e t o n e - D ^  

(V/V 1 : 9 )  (w h ic h  was f r e s h l y  made up b e f o r e  u s e )  showed v e r y  

p r o n o u n c e d  a c i d  c a t a l y s i s ,  i n  f a c t ,  a t  no t i m e  was t h e  s t a r t ­

i n g  m a t e r i a l  o b s e r v e d  i n  t h e s e  r e a c t i o n s .  Graph 3 shows 

t h e  c h a n g e  i n  t h e  r a t e  o f  h y d r o l y s i s  o f  t h e  t e t r a h e d r a l  

i n t e r m e d i a t e  v e r s u s  a c i d  c o n c e n t r a t i o n  a t  -4 0 °C  d e r i v e d  f rom  

t h e  c a l c u l a t e d  r a t e s  i n  t a b l e  31.  While  i t  c o u l d  be d e d u c e d  

t h a t  t h e  s t a r t i n g  m a t e r i a l  and  i n t e r m e d i a t e s  w ere  b o t h  a c i d  

c a t a l y s e d  t im e  d i d  n o t  a l l o w  t h e  r e t u r n  t o  a s t u d y  o f  t h e  

v a r y i n g  o f  s u b s t r a t e  c o n c e n t r a t i o n  a t  c o n s t a n t  t e m p e r a t u r e  

i n  D ^ O /a c e to n e - D ^ .

I t  c an  be  s e e n  t h a t  w h i l e  a l e a s t  s q u a r e s  c a l c u l a t i o n  

c a n  be  c a r r i e d  o u t  on t h e  r e s u l t s  on g r a p h  3 t h e  l i n e  o f  

b e s t  f i t  t h r o u g h  t h e  p o i n t s  h a s  a n e g a t i v e  i n t e r c e p t  f o r  z e r o  

a c i d  c o n c e n t r a t i o n .  The s t a n d a r d  d e v i a t i o n  o f  t h e  i n t e r c e p t  

on t h e  x - a x i s ,  i s  r e a s o n a b l y  l a r g e  c a  35/^. An e v e n  g r e a t e r  

s t a n d a r d  d e v i a t i o n  w ou ld  be e x p e c t e d  i f  c o n s i d e r a t i o n  o f  t h e  

e r r o r s  i n  e a c h  o f  t h e  p o i n t s  h a d  b e e n  t a k e n  i n t o  a c c o u n t .

I t  seems r e a s o n a b l e  t o  assume t h a t  t h e  g r a p h  s h o u l d  i n  f a c t  

e x t r a p o l a t e  t h r o u g h  o r  v e r y  n e a r  t o  t h e  o r i g i n  w i t h i n  t h e  

e r r o r s  o f  t h e  e x p e r i m e n t .

The s t u d y  o f  t h e  h y d r o l y s i s  o f  l - a c e t o x y - 4 , 4 , 5 f 5 - t e t r a -
_ o

m e t h y l - 1 , 3 - d i o x o l a n  i n  sod ium  d e u t e r o x i d e  o f  1 . 6 9  x 10 M 

i n  a c e t o n e - D ^  (V/V 1 : 9 )  a t  20°G showed de c r e a s e d  q u a n t i t i e s
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o f  t e t r a h e d r a l  i n t e r m e d i a t e  i n  t h i s  r e a c t i o n  ( t a b l e  3 0 ) .

The s t a r t i n g  m a t e r i a l  was p r e s e n t ,  i n  t h i s  c a s e ,  f o r  t h e  

whole  r e a c t i o n  t i m e .

At t h e  end o f  t h e  r e a c t i o n  t h e  r a t i o  o f  a c i d / a c e t a t e ,  

f o r  (15 ^ l i t r e s ) 8 . 1  x 10  ̂ m o les  o f  s u b s t r a t e  u s e d ,  and  

sod ium  d e u t e r o x i d e  c o n c e n t r a t i o n  p r e s e n t  f rom  t h e  b e g i n n i n g  

o f  t h e  r e a c t i o n ,  gave  an  a c i d / a c e t a t e  r a t i o  o f  8 . 6 .  T h ro u g h ­

o u t  t h e  r e a c t i o n ,  h o w e v e r ,  t h e  b u f f e r  r a t i o  s h o u l d  be  e x p e c t e d  

t o  ch an g e  c o n t i n u o u s l y  f rom  an  a l k a l i n e  s o l u t i o n  to  an  a c i d i c  

b u f f e r e d  s o l u t i o n .  The r a t e s  o f  h y d r o l y s i s  o f  t h e  s t a r t i n g  

m a t e r i a l  a r e  g i v e n  i n  t a b l e  30 b u t  a r e  c a l c u l a t e d  on t h e  b a s i s  

o f  f i r s t  o r d e r  k i n e t i c s  w i t h  no a c c o u n t  b e i n g  t a k e n  o f  t h e  

ch a n g e  i n  s o l u t i o n  pH.

The h y d r o l y s i s  o f  1 - c h l o r o a c e t o x y - 4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 

3 - d i o x o l a n  i n  D ^ O /a ce to n e -H ^  ( 1 r 9 )  showed no s i g n  o f  s t a r t i n g  

m a t e r i a l  a t  -40°C  when s t u d y i n g  t h e  C-H r e g i o n  ( 5 - 9  6) o f  t h e  

N.M.R. s p e c t r u m .  The m e a s u re m e n t s  o f  t h e  r a t e  c o n s t a n t s  f o r  

t h e  h y d r o l y s i s  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e ,  o b s e r v e d  as  

h a v i n g  t h e  same c h e m ic a l  s h i f t  o f  0^-H ( 5 • 8 9 ^ ) ,  a r e  g i v e n  i n  

t a b l e  32 .  These  i n i t i a l  s t u d i e s  d i d  n o t ,  h o w e v e r ,  a l l o w  t h e  

s t u d y  so  f a r  o f  t h e  c o m p le t e  N.M.R. s p e c t r u m  due t o  l a c k  o f  

t i m e .  The v a l u e  o f  t h e  r a t e  c o n s t a n t  a t  0°C would  a p p e a r  

t o  be a p p r o x i m a t e l y  2 -3  t i m e s  f a s t e r  t h a n  t h e  r a t e  o f  l o s s  

o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  d e r i v e d  f rom  1- a c e t o x y - 4 , 4 , 5 ,  

5—t e t r a m e t h y l —1 , 3 - d i o x o l a n , h o w e v e r ,  c a r e  i s  t a k e n  i n  i n t e r —
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p r e t i n g  t h i s  l a r g e  chan g e  f ro m  one v a l u e  w here  o n l y  1 0 - iy /o  

o f  t h e  r e a c t i o n  was s t u d i e d  and  n o t  so  f a r  r e p e a t e d .

The s t u d y  o f  t h e  h y d r o l y s i s  o f  a c e t o x y - d i e t h o x y - m e t h a n e  

by  m o n i t o r i n g  t h e  C—H r e g i o n  ( 5 —96)  o f  t h e  s p e c t r u m  a l s o  

showed t h e  p r e s e n c e  o f  a t e t r a h e d r a l  i n t e r m e d i a t e  ( C—11=5. 21 6) .  

A g a in  l a c k  o f  t im e  d i d  n o t  a l l o w  t h e  s t u d y  o f  t h e  whole  

s p e c t r u m  as  w e l l  as  t h e  c a l c u l a t i o n  o f  r e a s o n a b l y  a c c u r a t e  

r a t e  c o n s t a n t s .  However i t  was n o t e d  t h a t  t h e  s t a r t i n g  

m a t e r i a l ,  m e a s u re d  by t h e  C—H p e ak  ( 6 . 3 0  6) d e c a y e d  v e r y  f a s t  

o v e r  a  p e r i o d  o f  4 -8  m i n u t e s  ( i n  D00 / a c e t o n e - D .  V/V 1 : 9 )
O

g i v i n g  a new p e a k  ( 5 . 2 1 6 )  c o r r e s p o n d i n g  to  t h e  t e t r a h e d r a l  

i n t e r m e d i a t e .  T h i s  p e a k  d e c a y e d  a t  a s l o w e r  m e a s u r a b l e  r a t e  

t o  p r o d u c t  (C-II 8 , 0  6 ) .  The r e s u l t s  o f  t h i s  s t u d y  a r e  g i v e n  i n  

t a b l e  33 w here  t h e r e  i s  p o s s i b l y  a  g r a d a t i o n  o f  r a t e  e v i d e n c e  

a s  t h e  s u b s t r a t e  c o n c e n t r a t i o n  i s  c h a n g e d .

The s t u d y  o f  a c e t o x y - d i e t h o x y - m e t h a n e  i n  v e r y  w e a k ly  a c i d i c

s o l u t i o n s ,  ( D C l / a c e t o n e - D ^ ) t h e  a c i d  c o n c e n t r a t i o n  b e i n g
—5 —52 x 10 M and 5 x 10 M b e f o r e  d i l u t i o n  w i t h  a c e t o n e ,  showed

v e r y  l i t t l e  d i f f e r e n c e  i n  t h e  r a t e  c o n s t a n t  f o r  d e c o m p o s i t i o n  o f  

t h e  t e t r a h e d r a l  i n t e r m e d i a t e  i n  D ^ O /ac e to n e -D ^  a t  t h e  same 

t e m p e r a t u r e  and  c o n c e n t r a t i o n  o f  s u b s t r a t e  ( t a b l e  3 4 ) .

I t  s h o u l d  be n o t e d  a t  t h i s  s t a g e  t h a t  th e  t e m p e r a t u r e  o f  

s o l v e n t  and r a t e  o f  m ix in g  g r e a t l y  a f f e c t e d  t h e  l e n g t h  o f  t im e  

. o v e r  w h ich  t h e  s t a r t i n g  m a t e r i a l  was o b s e r v e d  i n  a l l  t h e s e  

r e a c t i o n s .
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P r e l i m i n a r y  s t u d i e s  i n  a c e t a t e  b u f f e r / a c e t o n e - D ^  a t  

—40°C,  ( s e e  t a b l e  3 5 ) ,  showed t h e  l o s s  o f  a c e t o x y - d i e t h o x y — 

- m e th a n e  o v e r  t h e  w hole  r e a c t i o n  i n t e r v a l .  At no t i m e  d i d  

t h e  s t a r t i n g  m a t e r i a l  d i s a p p e a r  c o m p l e t e l y  w h i l e  t h e  t e t r a ­

h e d r a l  i n t e r m e d i a t e  was b e i n g  o b s e r v e d .  A l t h o u g h  f i r s t  

o r d e r  r a t e  c o n s t a n t s  hav e  b e e n  c a l c u l a t e d  t h e  e f f e c t  on t h e  

r a t e  o f  c h a n g i n g  b u f f e r  r a t i o  i s  n o t  known. The f i n a l  

b u f f e r  r a t i o ,  a t  t h e  end o f  t h e  r e a c t i o n ,  w ou ld  be e x p e c t e d  

t o  be 1 4 . 3 : 1 .  A d i r e c t ,  c o m p a r i s o n  o f  t h i s  r a t i o  t o  t h e  

p r e v i o u s  s t u d y  o f  t h e  d i f f e r e n t  p r e c u r s o r ,  l - a c e t o x y - 4 , 4 , 5 ,

5 —t e t r a m e t h y l - 1 , 3 - d i o x o l a n  i n  N a O D /a c e to n e , i s  d i f f i c u l t  i n  

v i e w  o f  t h e  d i f f e r e n t  i n t e r m e d i a t e s  l i k e l y  t o  be o b t a i n e d .

L i m i t e d  t im e  d i d  n o t  a l l o w  t h e  s t u d y  an d  c a l c u l a t i o n  o f  

r a t e  c o n s t a n t s  f o r  t h e  h y d r o l y s i s  o f  c h l o r o a c e t o x y - d i e t h o x y -  

- m e t h a n e •

As a l r e a d y  s t a t e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n  i n i t i a l  

s t u d i e s  on t h e  h y d r o l y s i s  o f  2 - a c e t o x y - l , 3 - d i o x o l a n  i n  

D2^ / a c e l ° n e “ ^^ (V/V 1 : 9 )  showed no e v i d e n c e  f o r  t h e  e x i s t e n c e  

o f  a  t e t r a h e d r a l  i n t e r m e d i a t e  ( t a b l e  3 6 ) .  However  l a t e r  

s t u d i e s  showed t h a t  by c h a n g i n g  t h e  D^O/ac 'e tone-D^ r a t i o  t h e  

t e t r a h e d r a l  i n t e r m e d i a t e  c o u l d  be s e e n  w i t h  l o s s  o f  t h e  

s t a r t i n g  m a t e r i a l  b e i n g  f a s t  enough t o  o b t a i n  t h e  r a t e  o f  

h y d r o l y s i s  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  ( t a b l e  3 7 ) .
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The h y d r o l y s i s  s t u d y  i n  I ^ O / a c e t o n e - D ^  a t  -3 5 °C  showed 

i n  t h e  f i r s t  s p e c t r u m  m e a s u re d  b o t h  s t a r t i n g  m a t e r i a l  and 

i n t e r m e d i a t e  w i t h  a s m a l l  t r a c e  o f  p r o d u c t .  The l o s s  o f  

s t a r t i n g  m a t e r i a l  c o u ld  be s e e n  by t h e  d e c r e a s e  i n  b o t h  t h e  

C-H p e a k  (C^ o f  d i o x o l a n )  and  t h e  i n c r e a s e  i n  t h e  c o r r e s p ­

o n d i n g  C-H p e a k  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e .  The

p e a k  c o r r e s p o n d i n g  to  t h e  a c e t o x y  g ro u p  o f  t h e  s t a r t i n g  

m a t e r i a l  c o u l d  a l s o  be  s e e n  to  d e c r e a s e  c o n c u r r e n t l y  an  

i n c r e a s e  i n  a n o t h e r  p e a k  c o r r e s p o n d i n g  to  a c e t i c  a c i d  c o u l d  

be  o b s e r v e d .  A p p r o x i m a t e l y  27% p r o d u c t  h a d  b e e n  fo rm ed  

when a l l  t h e  s t a r t i n g  m a t e r i a l  h ad  d i s a p p e a r e d .  I t  s h o u l d  

be  e x p e c t e d  t h a t  by i n c r e a s i n g  t h e  w a t e r  c o n c e n t r a t i o n  ev en  

f u r t h e r  t h e  r a t e  o f  l o s s  o f  s t a r t i n g  m a t e r i a l  s h o u l d  be  

s p e e d e d  up  t o  a much g r e a t e r  e x t e n t  t h a n  t h e  l o s s  o f  t e t r a ­

h e d r a l  i n t e r m e d i a t e .  The l o s s  o f  i n t e r m e d i a t e  c o u l d  b e  s e e n  

q u i t e  c l e a r l y  by  o b s e r v i n g  t h e  C-H p e a k  (C^ o f  d i o x o l a n  and 

f o r m a t e  p e a k  o f  p r o d u c t )  r e g i o n  o f  t h e  s p e c t r u m .  No c h an g e  

was o b s e r v e d  i n  t h e  a c e t a t e  r e g i o n  d u r i n g  t h i s  p e r i o d .  I n  

t h e  -CH ^-  r e g i o n  (C^ and o f  d i o x o l a n  e t c .  ) i t  was much 

more d i f f i c u l t  t o  o b s e r v e  and s e p a r a t e  t h e  m u l t i p l e t s  s i n c e  

s t a r t i n g  m a t e r i a l  and  i n t e r m e d i a t e  o v e r l a p p e d  c o n s i d e r a b l y .  

The -CH -  r e g i o n  o f  t h e  p r o d u c t  was s l i g h t l y  c l e a r e r  i n  t h a t  

two s e p a r a t e d  m u l t i p l e t s  c o u l d  be o b s e r v e d  a t  t h e  end o f  t h e  

r e a c t i o n ,  one o f  w h ich  h a d  p a r t l y  o v e r l a p p e d  w i t h  t h e  —CH^- 

r e g i o n  o f  t h e  i n t e r m e d i a t e .  (See  f i g .  I l l  f o r  v a l u e s ) .
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D i r e c t  c o m p a r i s o n s  o f  t h e  r a t e s  o f  h y d r o l y s i s  o f  t h e  

d i f f e r e n t  a c e t o x y  compounds an d  t h e i r  t e t r a h e d r a l  i n t e r ­

m e d i a t e s  i s  d i f f i c u l t  i n  v i e w  o f  t h e  v a r i o u s  t e m p e r a t u r e s  

and D ^ O /a c e to n e -D ^  r a t i o s  i n  w h ich  t h e  r e a c t i o n s  w ere  s t u d i e d ,  

o n l y  q u a l i t a t i v e  c o m p a r i s o n s  a r e ,  t h e r e f o r e ,  r e a l l y  p o s s i b l e  

u n d e r  t h e s e  c i r c u m s t a n c e s .

T a b le  13 shows t h e  v a l u e s  o f  t h e  r a t e  c o n s t a n t s  f o r  t h e  

d i f f e r e n t  a c e t o x y  compounds.  S i m i l a r l y  t a b l e  14 shows t h e  

v a l u e s  o f  t h e  r a t e  c o n s t a n t s  f o r  h y d r o l y s i s  of  t h e  t e t r a h e d r a l  

i n t e r m e d i a t e s  o b t a i n e d  f rom  t h e s e  compounds.

V a r i a t i o n  i n  t h e  r a t e s  o f  h y d r o l y s i s  o f  t h e  s t a r t i n g  

a c e t o x y  compounds would  a p p e a r  to  be r a t h e r  s m a l l ,  i n c r e a s i n g  

b y  a  f a c t o r  o f  2 to  3 w here  t h e  s t e r i c  e f f e c t s  may l i k e l y  a c t  

t o  a s s i s t  t h e  e x p u l s i o n  o f  t h e  a c e t o x y  g r o u p .  A v e r y  

s i m i l a r  p i c t u r e  i s  s e e n  f o r  t h e  h y d r o l y s i s  o f  t h e  c o r r e s p o n d -
1 r r j

i n g  o r t h o  e s t e r s  w i t h  a  s l i g h t  d e c r e a s e  i n  r a t e  w i t h  t h e  

2 - m e t h o x y - l , 3 - d i o x o l a n  ( t a b l e  1 5 ) .  The h y d r o l y s i s  o f  t h e  

h e m io r f c h o f o rm a te s  shows a s l i g h t l y  d i f f e r e n t  p i c t u r e  w i t h  t h e  

h y d r o l y s i s  o f  1- h y d r o x y - 4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 - d i o x o l a n  

b e i n g  v e r y  much s l o w e r .  I n  b o t h  d i o x o l a n  s y s t e m s , s l o w e r  

t h a n  t h e  a c y c l i c  r e a c t i o n s ,  t h e  c l e a v a g e  i n  t h i s  c a s e  i s  t h a t  

o f  an  e n d o c y c l i c  bond  w h e re a s  f o r  b o t h  t h e  o r t h o e s t e r s  and  t h e  

a c e t o x y  compounds c l e a v a g e  o f  an e x o c y c l i c  bond was r a t e  

d e t e r m i n i n g .  (See  a l s o  t a b l e  38 f o r  c o m p a r i s o n  o f  h y d r o l y s i s  

o f  an  o r t h o e s t e r  u n d e r  c o n d i t i o n s  u s e d ) .
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DISCUSSION

H y d r o l y s i s  o f  o r t h o e s t e r s

The s t u d y  o f  t h e  h y d r o l y s i s  o f  c y c l i c  o r t h o e s t e r s ,  by 
136D e s l o n g c h a m p s , as  h as  b e e n  d e s c r i b e d  i n  t h e  i n t r o d u c t i o n ,  

s h o v e d  t h e  a b s e n c e  o f  l a c t o n e  i n  t h e  p r o d u c t s .  I n  o r d e r  t o  

e x p l a i n  h i s  r e s u l t s  i t  v a s  n e c e s s a r y  t o  assume t h a t  t h e  t e t r a ­

h e d r a l  i n t e r m e d i a t e  fo rm e d  b r o k e  down to  p r o d u c t s  f a s t e r  t h a n  

a n y  ch an g e  i n  i t s  c o n f o r m a t i o n  c o u l d  o c c u r .

Two p o i n t s  became p r o m i n e n t  f rom  t h e  p r e s e n t  v o r k  i n  

t h i s  t h e s i s ,  t h e  f i r s t  b e i n g  t h a t  t e t r a h e d r a l  i n t e r m e d i a t e s  

d i d  e x i s t  and  were  o b s e r v a b l e  o v e r  q u i t e  l o n g  t im e  i n t e r v a l s ,  

and  s e c o n d ,  t h a t  p r e l i m i n a r y  v o r k  on t h e  h y d r o l y s i s  o f

1 - m e t h o x y - l - p h e n o x y - t e t r a h y d r o p y r a n  ( i n  an a t t e m p t  t o  g e n e r a t e  

a  f u r t h e r  t e t r a h e d r a l  i n t e r m e d i a t e )  s t r o n g l y  s u g g e s t e d  t h a t  

b o t h  h y d r o x y - m e t h y  I - e s t e r  and m e th a n o l  v e r e  b e i n g  p r o d u c e d .

I f  t h e  r e a c t i o n  p r o c e e d e d  as  r e p o r t e d  by D es longcham ps  e q u a l  

s i g n a l s  f o r  t h e  a l c o h o l  and a l k y l  e s t e r  s h o u l d  be  o b s e r v e d .

I f  h o v e v e r  any  l a c t o n e  v e r e  fo rm ed  t h i s  s h o u l d  l e a d  t o  t h e  s i g n a l  

f o r  t h e  a l c o h o l  becom ing  much g r e a t e r  t h a n  t h e  e s t e r  s i g n a l .

A lso  t h e  i n t e g r a l s  o f  t h e  p r o t o n s  ( -C H ^ -)  a d j a c e n t  to  t h e  oxygen  

i n  t h e  l a c t o n e  r i n g  s h o u l d  be e q u a l l y  n o t i c e a b l e .  T h is  l e d ,  

a s  sh o v n  i n  t h e  E x p e r i m e n t a l  S e c t i o n ,  t o  t h e  s t u d y  o f  t h e  much 

more e a s i l y  a v a i l a b l e  o r t h o e s t e r s ,  d i m e t h o x y t e t r a h y d r o p y r a n  and 

d i e t h o x y t e t r a h y d r o p y r a n  u n d e r  D e s l o n g c h a m p s 1 c o n d i t i o n s

\ *  m( s l i g h t l y  m o d i f i e d )  and i n  mixed  s o l v e n t s .  The r e s u l t s  o f

* See E x p e r i m e n t a l  S e c t i o n  pag e  263



202

t h i s  v o r k  a r e  su m m a r i se d  i n  t a b l e s  39 t o  44 .

What t h e  r e s u l t s  i n  f a c t  show i s  t h a t  b o t h  6 - v a l e r o l a c t o n e  

and h y d r o x y - a l k o x y - e s t e r  a r e  fo rm ed  i n  t h e  h y d r o l y s i s .  S i m i l a r  

o b s e r v a t i o n s  a r e  o b t a i n e d  w i t h  t h e  d i e t h o x y  compound.

The r e s u l t s  h a v e  been  com m unica ted  t o  P r o f e s s o r
■%¥r

D e s l  o n gcham ps ,  who h a s  s i n c e  c o n f i r m e d  them and o b t a i n e d  a

s i m i l a r  r e s u l t  f o r  t h e  h y d r o l y s i s  o f  d i m e t h o x y t e t r a h y d r o f u r a n .

On t h e  o t h e r  hand  he h as  s t a t e d  t h a t  o n l y  t h e  h y d r o x y - e s t e r  

was f o u n d  i n  t h e  b i c y c l i c  s y s t e m  shown i n  f i g .  114 .  The main  

p r o b le m  a r i s i n g  i n  D e s lo n g ch am p s '  o r i g i n a l  s t u d y  was t h a t  o f  t h e  

a c e t y l a t i o n  o f  t h e  h y d r o x y e s t e r  by t h e  r e a c t i o n  w i t h  p y r i d i n e /  

a c e t i c  a n h y d r i d e  f o l l o w e d  by  v a p o u r  p h a s e  c h r o m a t o g r a p h y .  Two 

p o s s i b l e  s o u r c e s  o f  e r r o r  i n  t h e  r e s u l t s  c o u l d  h a v e  o c c u r r e d  

f ro m  f i r s t l y  t h e  p o s s i b l e  p o l y m e r i s a t i o n  o f  t h e  l a c t o n e  u n d e r  

t h e s e  c o n d i t i o n s  o r  a l t e r n a t i v e l y  t h e  l o s s  o f  t h e  l a c t o n e  when 

t h e  e x c e s s  p y r i d i n e / a c e t i c  a n h y d r i d e  was removed u n d e r  h i g h  

vacuum.

S t u d i e s  o f  t h e  h y d r o l y s i s  o f  d i m e t h o x y t e t r a h y d r o p y r a n  i n  

D C l / a c e t o n e - D ^  s o l u t i o n s  h a v e  shown t h e  s t a b i l i t y  o f  t h e  

p r o d u c t s  ( l a c t o n e  and h y d r o x y - e s t e r s  ) even  up to  q u i t e  h i g h  a c i d  

c o n c e n t r a t i o n s  w here  o n l y  s lo w  a c i d  h y d r o l y s i s  was o b s e r v e d  

( t a b l e
13S t u d i e s  by  C N.M.R. o f  t h e  h y d r o l y s i s  o f  d i e t h o x y -

t e t r a h y d r o p y r a n  i n  ( w i t h  10 M t o l u e n e —p - s u l p h o n i c  a c i d ) /

a c e t o n e —D, m i x t u r e  h a s  a l s o  shown t h e  p r e s e n c e  o f  l a c t o n e ,  o
A c o m p a r i s o n  o f  t h e  peak  h e i g h t s  o f  t h e  p r o d u c t s  s u g g e s t s

** P e r s o n a l  Com m unica t ion
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t h a t  6 - v a l e r o l a c t o n e  i s  p r e s e n t  as  25% o f  t h e  h y d r o x y —e s t e r .

I t  s h o u l d  be n o t e d ,  h o w e v e r ,  t h a t  c o m p a r i s o n  o f  t h e  p e a k  
13h e i g h t s  i n  C N.M.R. s p e c t r a  i s  n o t  n e c e s s a r i l y  v e r y  a c c u r a t e

due t o  a d i f f e r e n c e  i n  t h e  N u c l e a r  O v e r h a u s e r  E f f e c t s  f o r  t h e
13d i f f e r e n t  m o l e c u l e s .  The C N.M.R. r e s u l t s  a r e  g i v e n  

t o g e t h e r  w i t h  a s c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  s p e c t r u m  shown 

i n  f i g .  1 1 2 .

The l a c k  o f  s p e c i f  i c i t y  i n  t h e  c l e a v a g e  o f  t h e s e  c y c l i c

o r t h o e s t e r s  t o g e t h e r  w i t h  t h e  r e s u l t  t h a t  h y d r o l y s i s  o f  t h e
. . * *  N 

b i c y c l i c  r i n g  s t r u c t u r e  I s e e  above  ) gave o n l y  one p r o d u c t

i s  i n i t i a l l y  a l i t t l e  d i s c o n c e r t i n g .  Two p o s s i b l e  e x p l a n ­

a t i o n s  can  be f o r w a r d e d  to  e x p l a i n  t h e s e  r e s u l t s .  The f i r s t  

i s ,  o b v i o u s l y ,  i n  v ie w  o f  t h e  e x i s t e n c e  as  s t a t e d  e a r l i e r  o f  

t e t r a h e d r a l  i n t e r m e d i a t e s  h a v i n g  p o s s i b l e  l o n g  l i f e t i m e s ,  

t h e  r a t e  o f  c o n f o r m a t i o n a l  i n v e r s i o n  i s  f a s t e r  t h a n  t h a t  o f  

b re a k d o w n  o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e .  The s e c o n d  i s  

t h a t  c o n f o r m a t i o n a l  m o t io n  on g o in g  to  t h e  i n i t i a l  t r a n s i t i o n  

s t a t e ,  on l o s s  o f  t h e  a l c o h o l  f u n c t i o n ,  i s  g r e a t l y  a f f e c t e d  

b y  w h e t h e r  t h e  a x i a l  o r  e q u a t o r i a l  g ro u p  l e a v e s .

The b r e a k i n g  o f  t h e  a x i a l  b o n d  i n  d i m e t h o x y t e t r a h y d r o -  

p y r a n  may r e s u l t  i n  a c a r b e n iu m  i o n  i n  a h a l f  c h a i r  c o n f o rm ­

a t i o n  as  shown i n  f i g .  113 .  B r e a k i n g  o f  t h e  e q u a t o r i a l  b o n d ,  

h o w e v e r ,  may r e s u l t  i n  t h e  g e n e r a t i o n  o f  t h e  i o n  i n  t h e  b o a t  

c o n f o r m a t i o n  v i a  r o u t e  b s i n c e  a c o n f o r m a t i o n a l  change  i n  t h e  

o r t h o e s t e r  i n t o  t h e  t w i s t  b o a t  c o n f o r m a t i o n  would  be r e q u i r e d  

i f  any  a s s i s t a n c e  o f  t h e  l o s s  o f  t h e  l e a v i n g  g ro u p  was i n v o k e d  

by a n t i p e r i p l a n a r  o r b i t a l s .
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C o m p e t i t i v e  c l e a v a g e ,  t h e r e f o r e ,  o f  a x i a l  o r  e q u a t o r i a l  

c a r b o n —o x y g en  bonds  o f  t h e  a lk o x y  g ro u p s  ( a s s u m in g  l i t t l e  

o r  no c l e a v a g e  o f  t h e ’r i n g  c a r b o n -o x y g e n  b o n d )  i f  t h e  two 

c o n f o r m a t i o n s ,  h a l f - c h a i r  and b o a t ,  were  o f  e q u a l  o r  s i m i l a r  

s t a b i l i t y .  The l i t t l e  i n f o m a t i o n  t h a t  e x i s t s  on t h e  

r e l a t i v e  s t a b i l i t i e s  o f  t h e  c o n f o r m a t i o n s  o f  v a l e r o l a c t o n e s  

t e n d s  t o  s u g g e s t  t h a t  b o t h  c o n f o r m a t i o n s  a r e  r e l a t i v e l y  

s i m i l a r  i n  e n e r g y .  The i m p l i c a t i o n  i n  t h e  c a s e  o f  t h e  i o n s  

1 and 2 w o u ld  seem q u i t e  e v i d e n t .

F i s s i o n  i n  t h e  h y d r o l y s i s  o f  t h e  b i c y c l i c  o r t h o e s t e r  

w here  t h e  s e c o n d  r i n g  i s  f u s e d  t r a n s  would f a v o u r  a x i a l  

c a r b o n - o x y g e n  bond  c l e a v a g e  ( s e e  f i g u r e  1 1 4 ) ,  e q u a t o r i a l  bond 

f i s s i o n  r e s u l t i n g  i n  much g r e a t e r  s t r a i n  i n  t h e  f o r m a t i o n  o f  

a  b o a t  c o n f o r m a t i o n .

H y d r o l y s i s  o f  t h e  c y c l i c  a c e t a l  ( f i g .  115) by  C h a n d r a -  
170s e k h a r  and  K i r b y  showed no r a t e  i n c r e a s e  o f  t h e  a x i a l  

anom er  o v e r  t h e  e q u a t o r i a l  anomer  i n  c o n t r a s t  t o  w ha t  would  

h a v e  b e e n  e x p e c t e d  v i a  s t e r e o e l e c t r o n i c  c o n t r o l  as  i s  p r o p o s e d  

b y  D e s lo n g c h a m p s .  The d i f f e r e n c e  i n  r a t e s  o f  h y d r o l y s i s  

h a s  b e e n  e x p l a i n e d  p u r e l y  i n  te rm s  o f  t h e  d i f f e r e n t  g ro u n d  

s t a t e  e n e r g i e s  s u g g e s t i n g  t h a t  t h e  d i f f e r e n c e  i n  t r a n s i t i o n  s t a t e  

e n e r g i e s  i s  v e r y  l i t t l e .  The s m a l l  d i f f e r e n c e  i n  t r a n s i t i o n  

s t a t e  e n e r g i e s  can  e a s i l y  be e x p l a i n e d  by i n v o k i n g  t h e  a r g u m e n t s  

o f  t h e  p r e v i o u s  d i s c u s s i o n  o f  d i a l k o x y t e t r a h y d r o p y r a n s  s i n c e
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t h e  t r a n s i t i o n  s t a t e  ca rb o x o n iu m  i o n s  o f  t h e  Type A and  B 

s h o u l d  n o t  d i f f e r  g r e a t l y  i n  e n e r g y  ( f i g .  1 1 6 ) .

An e x t e n s i o n  and  p o s s i b l e  s p e c u l a t i o n  f rom  t h i s  work i s  

t h e  l i k e l y  o b s e r v a t i o n  t h a t  t h e  p r o d u c t s  o f  h y d r o l y s i s  o f  

o r t h o e s t e r  s h o u l d  c o n s i s t  o f  b o t h  l a c t o n e  and h y d r o x y e s t e r  

s i n c e  c l e a v a g e  o f  t h e  a x i a l  and e q u a t o r i a l  c a r b o n - o x y g e n  

b o n d s  s h o u l d  n o t  d i f f e r  i n  t r a n s i t i o n  s t a t e  e n e r g y .

As a c o n t i n u i n g  s t u d y  on a c e t a l  h y d r o l y s i s  K i r b y  and  
171M a r t i n  h a v e  s t u d i e d  t h e  t r i c y c l i c  a c e t a l s  ( s e e  f i g s .  117 

and  1 1 8 ) .  T hese  d i f f e r  i n  l o n e  p a i r  o r b i t a l  a l i g n m e n t ,  i n  

t h a t ,  a c e t a l  ( f i g .  117)  h as  no l o n e  p a i r  o r b i t a l  a n t i p e r i — 

p l a n a r  t o  t h e  ( ]D -n i t ro  p h e n y l  oxy g en )  l e a v i n g  g roup  ( t h e  m o l e c u l e  

b e i n g  l o c k e d  i n  one c o n f o r m a t i o n  due to  t h e  t r a n s  r i n g  j u n c t i o n ) .  

C o m p ar i so n s  o f  t h e  r a t e s  o f  h y d r o l y s i s  have  shown s t e r e o -  

e l e c t r o n i c  c o n t r o l  ( a n t i p e r i p l a n a r  o r b i t a l s  a s s i s t i n g  t h e  

e x p u l s i o n  o f  t h e  l e a v i n g  g roup  i n  th e  s e c o n d  a c e t a l  ( s e e  f i g .

118)  i s  q u i t e  p r o m i n e n t .  A c e t a l  ( f i g .  118) h y d r o l y s e s  a t  

l e a s t  3000 t i m e s  f a s t e r  t h a n  a c e t a l  ( f i g .  1 1 7 ) .  I t  was 

f u r t h e r  shown t h a t  b o t h  a c e t a l s  d i f f e r  a l s o  i n  t h e i r  r a t e  

d e t e r m i n i n g  s t e p ;  C—0 bond c l e a v a g e  i n  t h e  f o r m e r  and 

h y d r a t i o n  i n  t h e  l a t t e r .  These  r e s u l t s  a r e  i n  s t a r k  c o n t r a s t  

t o  K i r b y  e t  a l 17°  p r e v i o u s  s t u d y  ( f i g .  115)  w here  no s t e r e o -  

e l e c t r o n i c  c o n t r o l  e f f e c t s  h a d  b ee n  o b s e r v e d  b e tw e e n  t h e  two 

s e m i - r i g i d  i s o m e r s .
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DISCUSSION -  N e g a t i v e  R e s u l t s .

The H y d r o l y s i s  o f  N ,N -D im e th v l fo rm am id e  D im e th y l  A c e t a l  and 

0 - M e t h y l - N t N - D im e th y l f o r m id e n iu m  M e t h v l s u l n h a t e .

The l a c k  o f  o b s e r v a t i o n  o f  h y d r o l y s i s  i n t e r m e d i a t e s ,  by 

N .M .R . ,  w i t h  N, N - d i m e t h y l f o  rmamide d i m e t h y l  a c e t a l  does  n o t  

n e c e s s a r i l y  r u l e  o u t  t h e  p a r t i c i p a t i o n  o f  t e t r a h e d r a l  i n t e r ­

m e d i a t e s .  The p o s s i b i l i t y  o f  t h e  f o r m a t i o n  o f  two d i f f e r e n t  

i n t e r m e d i a t e s  i s  shown i n  f i g .  119 .  The r a t e  o f  h y d r o l y s i s  

o f  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  d im e t h o x y - h y d r o x y —m ethane  i s  

v e r y  much f a s t e r  t h a n  t h a t  o f  N ,N -d im e th y l - fo r m a m id e  d i m e t h y l  

a c e t a l .  The r a t e  m easu rem en ts  were  c a r r i e d  o u t  a t  —35°C f o r  

t h e  f o r m e r  and  0°C f o r  t h e  l a t t e r .  The o t h e r  p o s s i b l e  i n t e r ­

m e d i a t e ,  N ,N -d im e th y l f o rm a m id e  m e th y l  h e m i a c e t a l  w ou ld  a l s o  

be  e x p e c t e d  to  h y d r o l y s e  a t  l e a s t  as  r a p i d l y  as  t h a t  o f  

dime t h o x y  - h y d r o x y  -me t h  ane . The r a t e  d e t e r m i n i n g  s t e p  o f  t h e

h y d r o l y s i s  o f  N ,N -d im e th y l fo rm a m id e  d i m e t h y l  a c e t a l  i s ,  t h e r e ­

f o r e ,  l i k e l y  n o t  t o  be t h e  d e c o m p o s i t i o n  o f  any i n t e r m e d i a t e .

T h i s  c o n c l u s i o n  i s  s u p p o r t e d  by a t t e m p t s  to  g e n e r a t e  

N,N—d i m e t h y l f o r m a m i d e  m e th y l  h e m i a c e t a l  d i r e c t l y  f rom t h e  

h y d r o l y s i s  o f  0 - m e th y l - N ,N - d i m e t h y l f o r m a m i d e n i u m  m e t h y l s u l p h a t e .

A l t h o u g h  i t  was p o s s i b l e  t o  f i n d  h y d r o l y s i s  c o n d i t i o n s  

w here  t h e  s t a r t i n g  m a t e r i a l  c o u ld  be o b s e r v e d ,  no i n t e r m e d i a t e s  

w ere  e v e r  d e t e c t e d  p r e s u m a b l y  b e c a u s e  t h e  i o n  i s  so s t a b l e .

I t  r e a c t s  more s l o w l y  w i t h  w a t e r  t h a n  t h e  i n t e r m e d i a t e  u n d e r g o e s  

b r e a k d o w n .
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The H y d r o l y s i s  o f  1 - N . N - d i e t h y l - P r o o - l - v n e

The h y d r o l y s i s  o f  l - N , N - d i e t h y l - p r o p - . l - y n e  a l s o  d i d  n o t

show an y  p r e s e n c e  o f  any  t e t r a h e d r a l  i n t e r m e d i a t e .  P r e v i o u s  
178

s t u d i e s  on r e l a t e d  compounds have  shown t h a t  t h e  r a t e  

d e t e r m i n i n g  s t e p  i s  t h e  r e a c t i o n  w i t h  w a t e r ,  s u b s e q u e n t  

r e a c t i o n s  b e i n g  much f a s t e r .  I t  i s  h i g h l y  u n l i k e l y  t h a t  

an y  o b s e r v a t i o n  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  w i l l  o r  w ou ld  be  

o b t a i n e d  by  t h i s  r o u t e .

The H y d r o l y s i s  o f  Carboxonium S a l t s

H y d r o l y s i s  o f  t h e  c a rboxon ium  s a l t s  showed im m e d ia te

h y d r o l y s i s  w i t h  no s i g n  o f  s t a r t i n g  m a t e r i a l s  o r  i n t e r m e d i a t e s

b u t  o n l y  p r o d u c t s  were  o b s e r v e d .  The q u e s t i o n  a r i s e s  as  t o

t h e  r e a s o n  o f  t h i s  e x t r e m e l y  f a s t  h y d r o l y s i s .  A ssum ing ,  f o r

t h e  p r e s e n t ,  t h e  f o r m a t i o n  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  t h e

p o s s i b i l i t y  and p r o b a b i l i t y  o f  a c i d  c a t a l y s i s  p r o d u c i n g

e x t r e m e l y  f a s t  h y d r o l y s i s  i s  a p p a r e n t .  The o b s e r v a t i o n  o f  a

s u d d e n  i n c r e a s e  i n  t e m p e r a t u r e  a l s o  s u g g e s t s  t h e  p o s s i b i l i t y

o f  t h e  h y d r o l y s i s  v i a  s o l u t i o n  ’’h o t  s p o t s "  and h e n c e  h y d r o l y s i s

a t  a  much h i g h e r  t e m p e r a t u r e  t h a n  would  be e x p e c t e d  u n d e r  t h e

c o n d i t i o n s  s t u d i e d .  The p r o b a b i l i t y / p o s s i b i l i t y  t h a t  a l l

c a r b o x o n iu m  s a l t s  would  g iv e  s i m i l a r  r e s u l t s  s u g g e s t s  t h a t  no

o b s e r v a t i o n  o f  t e t r a h e d r a l  i n t e r m e d i a t e s  s h o u l d  be p o s s i b l e .

A r a t h e r  i m p o r t a n t  p o i n t ,  h o w ev e r ,  i s  t h e  o b s e r v a t i o n  o f  a
90

t e t r a h e d r a l  i n t e r m e d i a t e  by K re sg e  e t  a l  f rom 2—p h e n y l —1 , 3 —
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d i o x o l e n i u m  f l u o r o b o r a t e  by  s t o p p e d  f lo w  s p e c t r o s c o p y .  The 

p o s s i b i l i t y  o f  ’’m ix in g  p r o b l e m s ” may, t h e r e f o r e ,  be an  

e x p l a n a t i o n  f o r  t h e  l a c k  o f  any  t e t r a h e d r a l  i n t e r m e d i a t e s .

The o b s e r v a t i o n  o f  s i m i l a r  ’’m ix in g  p r o b l e m s ” i n  t h e  h y d r o l y s i s  

o f  a c y l a t e d  compounds where  f o r m a t i o n  o f  o r t h o e s t e r s  c o u l d  be 

o b s e r v e d  u n d e r  c e r t a i n  h y d r o l y s i s  c o n d i t i o n s  a l s o  adds  t h o u g h t  

t o  t h i s  p o s s i b l e  e x p l a n a t i o n .  _____

Acvl  M i g r a t i o n

A t t e m p t s  t o  show p o s s i b l e  r e c y c l i s a t i o n  o f  two e s t e r s ,  

e t h y l e n e  g l y c o l  m onoform ate  and p i n a c o l  m o n o b e n z o a te ,  i n  

v a r i o u s  a c i d  s o l u t i o n s  and t e m p e r a t u r e s ,  f a i l e d  u n d e r  t h e  

i n i t i a l  c o n d i t i o n s  s t u d i e d .  I t  would  seem t h a t  s t u d i e s  o f  

p i n a c o l  m o n o fo rm a te  may be a b e t t e r  s u b s t r a t e  f o r  o b s e r v a t i o n  

o f  t h i s  e q u i l i b r i a  i n  v ie w  o f  t h e  r e s t r i c t e d  r o t a t i o n  i n  t h e  

p i n a c o l  r e s i d u e  and l i t t l e  s t e r i c  r e p u l s i o n  b e i n g  p r e s e n t  

w i t h  a  s i m p l e  h y d r o g e n  r a t h e r  t h a n  a r o m a t i c  f u n c t i o n .
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PREPARATIVE EXPERIMENT AT,

M e l t i n g  p o i n t s  v e r e  m easu red  on a K o f l e r —R e i c h e r t  h o t  

s t a g e  m e l t i n g  p o i n t  a p p a r a t u s  and were u n c o r r e c t e d .

I . R .  s p e c t r a  v e r e  d e t e r m i n e d  u s i n g  e i t h e r  a P e r k i n  E lm e r  

225 ,  P e r k i n  E lm e r  257 o r  a P e r k i n  E lm er  580 s p e c t r o m e t e r .

The f o l l o w i n g  a b b r e v i a t i o n s  v e r e  u s e d :  sh  = s h a r p ,  b = b r o a d ,

m = medium.

N.M.R. ( n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y )  s p e c t r a  

v e r e  d e t e r m i n e d  f o r  r o u t i n e  v o r k  on a V a r i a n  T60 (60 MHz) o r  

a  P e r k i n  E lm e r  R32 (90 MHz) N.M.R. s p e c t r o m e t e r .  Low and h i g h  

t e m p e r a t u r e  v o r k  was c a r r i e d  o u t  on e i t h e r  a P e r k i n  E lm e r  R32, 

V a r i a n  HAlOO (100 MHz) o r  V a r i a n  XL100 s p e c t r o m e t e r .  Chem ica l  

s h i f t s  v e r e  m e asu red  d o v n f i e l d  f rom  i n t e r n a l  t e t r a m e t h y l  s i l a n e  

and  a r e  q u o t e d  i n  b o t h  H e r t z  (Hz) and d e l t a  v a l u e s .  The 

f o l l o w i n g  a b b r e v i a t i o n s  a r e  used* s = s i n g l e t ;  d = d o u b l e t ;  

t  = t r i p l e t ;  q = q u a r t e t ;  m = m u l t i p l e t ,  t h e  c h e m ic a l  s h i f t  

o f  d ,  t  and  q a r e  q u o t e d  f o r  t h e  c e n t r e  o f  t h e  s i g n a l .  The 

v a l u e  o f  t h e  i n t e g r a t i o n  f o r  a p a r t i c u l a r  p e a k  i s  q u o t e d  as  

e . g .  4H i . e .  t h e  i n t e g r a t i o n  i s  e q u i v a l e n t  to  4 h y d r o g e n s  

r e l a t i v e  t o  o t h e r  s i g n a l s .  C o u p l in g  c o n s t a n t s  a r e  g i v e n ,  

a f t e r  t h e  i n t e g r a t i o n ,  i n  H e r t z .

E l e m e n t a l  a n a l y s e s  were  c a r r i e d  o u t  i n  t h e  U n i v e r s i t y  o f  

G lasgow and a r e  q u o t e d  as  p e r c e n t a g e s .

A l l  compounds o b t a i n e d  c o m m e r c i a l l y  v e r e  ch e c k e d  by  N.M.R. 

f o r  p u r i t y  and  u s u a l l y  p u r i f i e d  b e f o r e  u s e .



216

PREPARATION OF 2 METHOXY-1. 3-DIOXOLANS.

The m e th o x y —1 , 3 —d i o x o l a n s  were p r e p a r e d  by  t h e  m ethod  

o f  K a n k a a n p e r a 1 by t h e  t r a n s o r t h o e s t e r i f i c a t i o n  o f  e q u i r a o l a r  

am oun ts  o f  t r i m e t h y l  o r t h o f o r m a t e  and t h e  1 , 2 - a l k a n e d i o l s  

u s i n g  t o l u e n e ~ p > - s u l p h o n i c  a c i d  as  c a t a l y s t .  The m e th a n o l  

l i b e r a t e d  was a z e o t r o p e d  w i t h  b e n z e n e .

PREPARATION OF 2-MSTH0XY-2-PHENYL-1. 3-DIOXOLAN.

2 - m e t h o x y - 2 - p h e n y l - l , 3 - d i o x o l a n  was p r e p a r e d  by t h e
2m ethod  o f  R i e c h e ,  S c h m i tz  and B e y e r  by t h e  r e a c t i o n  o f  

e q u i m o l a r  q u a n t i t i e s  of  t r i m e t h y l  o r t h o b e n z o a t e  and d r y  

e t h y l e n e  g l y c o l ,  w i t h  t o l u e n e - j 3 ~ s u l p h o n i c  a c i d  as  c a t a l y s t .

The r e a c t i o n  t im e  was l i m i t e d  t o  r e d u c e  t h e  p o s s i b i l i t y  o f  

t h e  s i d e  r e a c t i o n  o f  d i m e r i s a t i o n .

PREPARATION OF OXONIUM FLUOROBORATE SALTS.

B o th  t r i m e t h y l  and t r i e t h y l  oxonium f l u o r o b o r a t e s  were  

o b t a i n e d  f ro m  L a n c a s t e r  S y n t h e s i s .  I n  a d d i t i o n  t h e  l a t t e r  

was s o m e t im e s  s y n t h e s i s e d  by t h e  method o f  Meerwein  by 

t h e  r e a c t i o n  o f  e p i c h l o r o h y d r i n  and b o ro n  t r i f l u o r i d e  e t h e r a t e .

PREPARATION OF TETRAMETHYLAMMONIUM ACETATE.

The p r e p a r a t i o n  o f  t e t ra m e th y lam m o n iu m  a c e t a t e  was c a r r i e d
4o u t  by  t h e  m ethod  d e s c r i b e d  by F i e s e r  and F i e s e r .

T e t ram e th y lam m o n iu m  h y d r o x i d e  and a c e t i c  a c i d  were  a l l o w e d  

t o  r e a c t  a t  room t e m p e r a t u r e  and t h e  s o l i d  o b t a i n e d ,  on
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e v a p o r a t i o n ,  was c r y s t a l l i s e d  f rom  a c e t o n e ,  d r i e d  i n  a  vacuum 

d e s i c c a t o r ,  r e c r y s t a l l i s e d  f rom d r y  a c e t o n i t r i l e  and r e d r i e d  

i n  t h e  vacuum d e s i c c a t o r  b e f o r e  u s e .

PREPARATION OF SODIUM PHENOXIDES.

The p h e n o l ,  i n  d r i e d  N ,N -d im e th y l fo rm a m id e  (DMF), was 

a d d e d  t o  a  c o o l e d  s u s p e n s i o n  o f  sodium h y d r i d e  i n  DMF. The 

so d iu m  p h e n o x i d e  was o b t a i n e d  by e v a p o r a t i o n  and d r y i n g  i n  a  

vacuum d e s i c c a t o r .

PREPARATION OF TETRAMETHYLAMMONIUM PHENOXIDE.

E q u i m o l a r  q u a n t i t i e s  o f  te t ra m e th y la m m o n iu m  h y d r o x i d e  and 

p h e n o l  w ere  s h a k e n  u n t i l  a l l  t h e  p h e n o l  d i s s o l v e d .  T h is  

s o l u t i o n  was t h e n  l e f t  f o r  3 h o u r s  and t h e  s o l v e n t  removed 

u n d e r  vacuum. The s o l i d  m a t e r i a l  was r e c r y s t a l l i s e d  t w i c e  

f ro m  d r y  a c e t o n i t r i l e  and d r i e d  u n d e r  vacuum f o r  s e v e r a l  d a y s .

PREPARATION OF SILVER BENZOATE.

T h i s  m a t e r i a l  was p r e p a r e d  as  d e s c r i b e d  by F i e s e r  and 
5

F i e s e r  and d r i e d  u n d e r  vacuum f o r  s e v e r a l  d a y s .

PREPARATION OF DIMETHOXYCARBENIUM FLUOROBORATE.

The p r e p a r a t i o n  o f  t h e  f l u o r o b o r a t e  s a l t  was c a r r i e d  o u t ,

i n  a d i y  b o x ,  by t h e  method o f  B o rch .

To 5 . 5  mis (50 m m o le s )  o f  t r i m e t h y l  o r t h o f o r m a t e  a t  -30°C  

was a d d e d  a  s o l u t i o n  o f  7#3 mis (56 m m o le s )  o f  b o r o n  t r i f l u o r i d e

e t h e r a t e  i n  6 mis o f  d r y  m e th y le n e  c h l o r i d e ,  d r o p w is e  w i t h
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s t i r r i n g ,  o v e r  5 m i n u t e s .  The m i x t u r e  was b r o u g h t  to  0°C 

s t i r r e d  f o r  15 m i n u t e s ,  c o o l e d  t o  -30°C and f i l t e r e d .  The 

s o l i d  p r o d u c t  was s u s p e n d e d  i n  5 mis o f  m e th y le n e  c h l o r i d e  

a t  —7 0 °C ,  t h e  lumps b r o k e n  u p ,  and r e f i l t e r e d .  T r a c e s  o f  

s o l v e n t  w ere  removed u n d e r  vacuum.

PREPARATION OF DIMETHOXY. PHENYLCARBENIUM FLUOROBORATE.
7

The m ethod  o f  p r e p a r a t i o n  by Meerwein e t  a l  was f o l l o w e d  

by  t h e  r e a c t i o n  o f  t r i m e t h y l  o r t h o b e n z o a t e ,  i n  . o - d i c h l o r o -  

b e n z e n e ,  w i t h  b o r o n  t r i f l u o r i d e  e t h e r a t e  i n  a d r y  b o x .  I t  

s h o u l d  be n o t e d  t h a t  t h i s  f l u o r o b o r a t e  s a l t  r e a c t e d  q u i t e  

q u i c k l y  w i t h  d i e t h y l  e t h e r  and a c e t o n i t r i l e  t o  g iv e  t h e i r  

c o r r e s p o n d i n g  f l u o r o b o r a t e  s a l t s ;  f i l t e r i n g  o f  t h e  e t h e r e a l  

s o l u t i o n  h a d ,  t h e r e f o r e ,  to  be q u i t e  f a s t  and c o m p le te  t o  

s t o p  m a j o r  d e c o m p o s i t i o n  o f  t h e  m a t e r i a l .

PREPARATION OF 2-PHENYL- 1 . 3-DI0X0LENIUM FLUOROBORATE.

S i m i l a r l y  t h e  p r e p a r a t i o n  o f  t h i s  s a l t  was c a r r i e d  o u t
7b y  t h e  m ethod  o f  Meerwein  i n  a d r y  box .  The r e a c t i o n  o f  

t h i s  s a l t  w i t h  a c e t o n i t r i l e  was much s l o w e r .

PREPARATION OF METHYL 6 -VALEROLACTONIUM FLUOROBORATE.

The p r e p a r a t i o n  o f  t h i s  compound i s  g i v e n  i n  t h e  p r e l i m ­

i n a r y  s e c t i o n  o f  t h e  s y n t h e s i s  o f  2 , 2 —d i m e t h o x y t e t r a h y d r o p y r a n .
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PREPARATION OF O-METHTL-N.N-DIMETHYLFOKMIDENIUM METHYLSULPHATE.

The p r e p a r a t i o n  o f  t h i s  compound was c a r r i e d  o u t  by  t h e  

m ethod  B r e d e r e c k ,  E f f e n b e r g e r  and Simchen by t h e  r e a c t i o n  o f  

e q u i m o l a r  q u a n t i t i e s  o f  N ,N -d im e th y l fo rm am id e  and d i m e t h y l  

s u l p h a t e ,  a t  70°C ,  t h e  r e s u l t i n g  l i q u i d  b e i n g  c h eck ed  f o r  

p u r i t y  by (N.M.R. ) n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y .

PREPARATION OP 2 . 3 -DIB R0M0-2 , 3 - P I  METHYL-BUTANE.

2 , 3 - d i b r o m o - 2 , 3 - d i m e t h y l - b u t a n e  was p r e p a r e d  by t h e  method

9 • •o f  J o h n s o n  by  t h e  r e a c t i o n  o f  p i n a c o l  and p h o s p h o ro u s  t n  —

b r o m id e  i n  b e n z e n e  s o l u t i o n .  The y i e l d  o b t a i n e d  was 

a p p r o x i m a t e l y  80% on r e c r y s t a l l i s a t i o n  f rom benzene*

m .p .  7 4 . 5  -  75*5°C w h i t e  s o l i d .

N.M.R. (CDC1 ) 90 MHz. 180 Hz, 1 . 9 9 7 5 U )

I . E .  (CC1 ) v cm-1  3000,  2985 ,  2940,  2872 sh  (C_H a l i p h a t i c )
_____________ 4 ___________ *

535 sh (C-Br  s t r e t c h ) .  

m i c r o a n a l v s i s . Found! C, 29*5; 4 .9 7 ;

C a l c ,  f o r  C6H12B r 2 : c > 2 9 .5 3 ;  H, 4.92%.

PREPARATION OF 2-PHENYL-4. 4 * 5 , 5-TBTRAMETHYLt 1 , 3-DI0X0LAN.

E q u i m o l a r  q u a n t i t i e s  o f  b e n z a l d e h y d e , p i n a c o l  and  t r i m e t h y l  

o r t h o f o r m a t e ,  w i t h  t o l u e n e - £ - s u l p h o n i c  a c i d  as  c a t a l y s t ,  were  

h e a t e d  and  t h e  m e th a n o l  fo rm ed c o l l e c t e d  by d i s t i l l a t i o n .

The r e s i d u a l  l i q u i d  was t r e a t e d  w i t h  K2C03 , f i l ‘t e r e d > an d  

d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .
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b . p .  78 -  79°C a t  0 .6 5  mm Hg. f . p .  24°C. 

l i t .  v a l u e  82 -  83°C a t  1 . 4  mm Hg.

N.M.R. (CDC1? ) 90 MHz. H O  Hz, 1 . 2 2 s ( s ,  6H); 115 Hz,

1 .  28 &(s , 6 H ) ; 536 Hz, 5 . 9 6 f i ( s ,  1H); 648 -  682 Hz,

7 . 2  -  7 . 5 8  5(m, 5H). 

m i c r o a n a l v s i s . Founds C, 7 5 . 7 ;  H, 8 . 8 4 ;

C a l c ,  f o r  C13Hi 80 2 : C, 7 5 . 7 ;  H, 8.74%.

PREPARATION OF 2-PHENYL-2. 4 . 4 . 5 . 5-PENTAMETHYL-l. 3-DI0X0LAN.

E q u i m o l a r  q u a n t i t i e s  o f  a c e t o p h e n o n e , p i n a c o l  and t r i m e t h y l  

o r t h o f o r m a t e ,  w i t h  t o l u e n e - p > - s u l p h o n i c  a c i d  as  c a t a l y s t ,  were  

h e a t e d  and  t h e  m e th a n o l  fo rm ed c o l l e c t e d  by d i s t i l l a t i o n .

The r e s i d u a l  l i q u i d  was t r e a t e d  w i t h  K^CO^, f i l t e r e d  and 

d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .

b . p .  63 -  64°C a t  0 . 8  mm Hg. 

l i t .  v a l u e 1^ 77 -  78°C a t  1 . 2  mm Hg.

N.M.R. (CPC13 ) 60 MHz. 61 Hz, l . O l g C s ,  6H); 68 Hz , 1 .1 3 3 6

( s ,  6H);  97 Hz,  1 .6 3  6 ( s ,  3H); 131 -  162 Hz ,

2 .1 8  -  2 . 7 5 6 U ,  5H).

I • R. (CC14 ) v cm” 1 . 3095 ,  3065 ,  3015 (C-H a r o m a t i c )

3000 ,  2980 ,  2940 (C-H a l i p h a t i c ) .

PREPARATION OF BENZALDEHYDE Di-t-BUTYL ACETAL.
12The p r o c e d u r e  o f  Cawley and  W es th e im e r  was f o l l o w e d  by 

t h e  r e a c t i o n  o f  b e n z a l  c h l o r i d e  w i t h  e x c e s s  p o t a s s i u m  t —b u t o x i d e  

u n d e r  r e f l u x .  The b e n z a l  c h l o r i d e  a n d ' t —b u t a n o l  were  d r i e d  and
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d i s t i l l e d  i m m e d i a t e l y  b e f o r e  u s e .

b . p *  47 — 4 8 °C a t  0 . 6  mm Hg, c l e a r  l i q u i d  

58 -  60°C a t  1 mm Hg.

N.M.R. (CPC13 ) 60 MHz. 73 Hz,  1 . 2  $ ( s ,  18H); 342 Hz ,

5 # 7 6 ( s ,  1H); 404  -  456 Hz, 6 . 7 3  -  7 . 6 $ ( m ,  5H).

90 MHz. 10 9 .8 H z ,  1 . 2 2 f t ( s ,  18H); 515 Hz,

5 .7 2  fc(s, 1H); 646 -  675 Hz, 7 . 1 8  -  7 .5 0 $ ( m ,  5H). 

X .R .  ( n e a t )  \> cm 2975 ,  2930 b (CH^ s t r e t c h ) .

3025 ,  3060 m (C-H a r o m a t i c s ) .

2860 (C-H a c e t a l ) .

1450 ,  1456 m (CH^ d e f o r m a t i o n ,  a s y m m e t r i c ) .

1390 ,  1363 m (CH^ d e f o r m a t i o n ,  s y m m e t r i c ) .

1095 ,  1064 ,  1043 ,  1004 ( a c e t a l ,  C -0 -C -0 -C  

s t r e t c h ) .

13
PREPARATION OF a-ACETOXY-g-t-BUTQXT-TOLUENE.

£
E q u i m o l a r  q u a n t i t i e s  o f  b e n z a l d e h y d e  d i - t - b u t y l  a c e t a l  

and d r y  a c e t i c  a n h y d r i d e  were  h e a t e d  g e n t l y  u n d e r  a  n i t r o g e n  

a t m o s p h e r e ,  t h e  r e a c t i o n  b e i n g  m o n i t o r e d  by N.M.R. u n t i l  

c o m p l e t i o n .  Low p r e s s u r e  d i s t i l l a t i o n  y i e l d e d  t h e  p r o d u c t  

(r^80fo y i e l d ) .

b . p .  51°C a t  0 . 0 8  mm Hg. c l e a r  l i q u i d .

N.M.R. (CDCt^) 60 MHz. 80 Hz, 1 . 3 3 6 ( s ,  9H); 124 Hz.

2 .0 6  f i ( s , 3H); 421 Hz, 7 . 0 f i ( s ,  lH ) ;  434 -  460 Hz,

7 . 2 2  -  7• 6 7 &(m, 5H).
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90 MHz. 116 Hz,  1 . 2 9 6 ( s ,  9H); 181 Hz ,

2 . 0 l 6 ( s ,  3H); 627 Hz , 6 . 9 7 6 ( s ,  1H ) ;

651 -  677 Hz , 7 . 2 3  -  7 .5 2 6 (m ,  5H).

I . R. ( n e a t ) y  cm 3015 ,  3030 (C—H s t r e t c h ,  a r o m a t i c s ) .

2970 ,  2930 (CH^ s t r e t c h ) .

2865 (C-H a c y l a l ).

1730 b ( c a r b o n y l  s t r e t c h ) .

1450 ,  1472 sh  (CH^ d e f o r m a t i  on a s y m m e t r i c )  

1365 b ,  1389 sh  (CH^ d e f o r m a t i o n  s y m m e t r i c ) .  

1240 b ( c a r b o n y l  C-0 s t r e t c h ) .

1115 ,  1070 ,  1025 ,  1004 (C-O-C-O-C s t r e t c h ) .  

m ic ro  a n a l y s i s . Found:  C, 7 0 . 2 0 ;  H, 8 . 2 7 ;

^13 ^1 8 ^3  re(l u:^r e s  7 0 . 2 4 ;  H, 8 . 1 6 $ .

PREPARATION OF ct-t-BUTOXY-a-CHLOROACETOXY-TOLUENE.

B e n z a l d e h y d e  d i - t - b u t y l  a c e t a l  ( 0 . 2  m o le s )  and c h l o r o a c e t i c  

a n h y d r i d e  ( 0 , 1  m o le s )  were  a l l o w e d  t o  r e a c t  a t  room t e m p e r a t u r e  

u n t i l  c o m p l e t i o n  o f  t h e  r e a c t i o n .  The m i x t u r e  was t h e n  

d i s t i l l e d  u n d e r  h i g h  vacuum ( 0 ,0 1  mm Hg) l e a v i n g  t h e  

c c - t - b u t o x y - t t - c h l o r o a c e t o x y - t o  l u e n e . At no t im e  was t h e  

t e m p e r a t u r e  a l l o w e d  above 6 0 °C.

Y i e l d  ^  7076 c l e a r  l i q u i d .

N.M.R, (CDCl ) 90 MHz. 1 1 5 .0  Hz, 1 . 2 8 6 ( s ,  9H);  352 Hz,

3 . 9 1 6 ( s ,  2H); 631 Hz,  7 . 0 1 6 ( s ,  1H);

646 -  677 Hz,  7 . 1 8  -  7 .5 2 6 (m ,  5H).
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( n e a t  l i q u i d  u n l o c k e d )  90 MHz, 1 0 9 .0  Hz , 1 .2 1  a ( s ,  9H);

348 Hz , 3 . 8 7 £>(s, 2H); 638 Hz,

7 . 0 9 f i ( s , 1H); 648 -  662 Hz,

7 . 2  -  7 . 3 6  6(ra, 3H); 666 -  686 Hz ,

7 . 4  -  7 . 6 2 6(m, 2H) .

I . R .  (C C l^ )  v cm 3075 ,  3042 sh  (C-H a r o m a t i c s ) .

2980,  2940 ,  2910 b (C-H a l i p h a t i c s ) .

1760 b ( c a r b o n y l  s t r e t c h ) .

M i c r o a n a l y s i s . M i c r o a n a l y s i s  o f  t h e  compound c o u ld  n o t  be 

o b t a i n e d  due  to  c o n t i n u o u s  d e c o m p o s i t i o n .

PREPARATION OF ACETOXY-DIMETHOXY-METHANE(DIMETHOXY-METHYL 

ACETATE.
14Method 1 . T r i m e t h y l  o r t h o f o r m a t e  was d i s s o l v e d  i n  l i q u i d  

SO^ a t  - 8 0 ° C  and b ro m in e  ad d ed .  The r e s u l t i n g  s a l t  was t h e n  

r e a c t e d  w i t h  a c e t i c  a c i d  and t h e  s o l u t i o n  a l l o w e d  t o  warm up 

t o  room t e m p e r a t u r e .  No s i g n  o f  a c e t o x y - d i m e t h o x y - m e t h a n e  

was f o u n d ;  t h e  r e s u l t i n g  N.M.R. s p e c t r u m  c o n s i s t e d  o f  o n l y  

t h e  h y d r o l y s e d  p r o d u c t .  No f u r t h e r  e x p e r i m e n t s  were c a r r i e d  

o u t .

M ethod 2 . E q u i m o l a r  q u a n t i t i e s  o f  t r i m e t h y l  o r t h o f o r m a t e  and 

a c e t i c  a n h y d r i d e  were  r e f l u x e d  u n d e r  n i t r o g e n  and t h e  r e a c t i o n  

m o n i t o r e d  by  N.M.R. s p e c t r o s c o p y .  A f t e r  a p p r o x i m a t e l y  5 0 -6 0 ^  

r e a c t i o n  ( b e f o r e  t o o  much decomposed m a t e r i a l  had  fo rm e d )  t h e  

r e s u l t i n g  s o l u t i o n  was i n i t i a l l y  d i s t i l l e d  u n d e r  w a t e r  vacuum from
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n o rm a l  d i s t i l l a t i o n  a p p a r a t u s  t o  y i e l d  t h e  c r u d e  a c e t a t e /  

a n h y d r i d e  m i x tu re #  T h is  was t h e n  p u r i f i e d  b y  v e r y  s lo w  

d i s t i l l a t i o n  t h r o u g h  a s p i n n i n g  band column to  y i e l d  p u r e  

a c e t o x y - d i m e t h o x y - m e t h a n e .

b . p .  67 — 6 8 °C a t  35 mm Hg. c l e a r  l i q u i d ,  

l i t .  v a l u e . ^  69°C a t  35 mm Hg.

N.M.R. (CPC13 ) 60 MHz. 2O5 Hz , 3 . 4 2 6 ( s ,  6H) • 126 Hz,

2 . 1 f i ( s , 3H); 371 Hz , 6 . 1 8 f i ( s ,  1H).

I . R .  ( CCl^)  v cm . 3004 s h ,  2951 b ,  2910 m (CH^ s t r e t c h ) .

2845 sh (methoxy  s t r e t c h ) .

1755 b ( c a r b o n y l  s t r e t c h ) .

1452-1393 b (CH^ d e f o r m a t i o n ) .  

m i c r o a n a l v s i s . Found:  C, 4 4 .5 1 ;  H, 7 . 6 ;

C a l c ,  f o r  C5H1()0 4 : C, 4 4 .7 7 ;  H, 7 . 5 1 # .

Method 3 . To a  s o l u t i o n  o f  d im e th o x y c a rb e n iu m  f l u o r o b o r a t e  

i n  d r y  m e t h y l e n e  c h l o r i d e ,  a t  -78°C  u n d e r  d r y  n i t r o g e n ,  was 

a d d e d  a  s l i g h t  e x c e s s  o f  d ry  a c e t i c  a c i d .  The m i x t u r e  was 

s t i r r e d  f o r  1 h o u r  a t  t h i s  t e m p e r a t u r e  and t h e n  a l l o w e d  t o  

warm up  t o  room t e m p e r a t u r e .  No p r o d u c t  was o b t a i n e d .

Method 4 . E q u i m o l a r  q u a n t i t i e s  o f  t h e  f l u o r o b o r a t e  s a l t  and  

t e t r a m e t h y  1 ammonium a c e t a t e  were mixed ,  i n  a d r y  box ,  a t  room 

t e m p e r a t u r e  ( t h e  f o r m e r  was i n  m e th y le n e  c h l o r i d e  s o l u t i o n ,  

t h e  l a t t e r  i n  n i t r o m e t h a n e ) .  The r e a c t i o n  was e x o t h e r m ic
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b u t  t h e  d e s i r e d  p r o d u c t  was n o t  o b s e r v e d  by N.M.R.

The r e a c t i o n  was r e p e a t e d ,  i n  a s e a l e d  s y s t e m  u n d e r  

n i t r o g e n ,  by t h e  a d d i t i o n  o f  t h e  n i t r o m e t h a n e  s o l u t i o n  t o  a 

c o o l e d  s o l u t i o n  o f  t h e  f l u o r o b o r a t e ,  a t  - 7 8 °C ,  b u t  t h e  d e s i r e d  

p r o d u c t  was n o t  o b t a i n e d .

Method 5 . The p r e p a r a t i o n  o f  a c e t o x y - d i m e t h o x y —m ethane  was
15c a r r i e d  o u t  by t h e  method  o f  Scheeren  and S t e v e n s  u s i n g  t h e  

m ixed  f o r m i c  a c i d / a c e t i c  a n h y d r i d e  w i t h  t r i m e t h y l  o r t h o f o r m a t e  

a t  room t e m p e r a t u r e .  The r e a c t i o n  was m o n i t o r e d  by N.M.R. 

and  d i s t i l l e d  b e f o r e  a  b u i l d - u p  o f  t h e  d e c o m p o s i t i o n  m a t e r i a l  

o c c u r r e d .  Y i e l d  ^  55^.

b . p #  48°C a t  20 mm Hg. c l e a r  l i q u i d ,

l i t .  v a l u e " ^  69°C a t  35 mm Hg.

N.M.R. (CDC1 ) 60 MHz. 205 Hz . 3 . 4 2 6 ( s ,  6H); 126 Hz ,

2 . 1 0 $ ( s , 3H ) ; 372 Hz , 6 . 2 0 6 ( s ,  1H).

90 MHZ. 310 Hz,  3 .4 5  6 ( s ,  6H); 186 Hz ,

2 . 0 7 6 ( s ,  3H); 554 Hz,  6 . 1 5 f t ( s ,  1H).

100 MHz. 324 Hz, 3 .4 2 & ( s ,  6H)j 208 Hz,

2 . 0 8 $ ( s ,  3H); 617 Hz, 6 . 1 7 s ( s ,  l H ) .

I . R. ( C C l J  V cm*"1 . 3004,  2951,  2910 (CH s t r e t c h ) .
 __________ 4__________

2845 sh  (methoxy  s t r e t c h ) .

1755 b ( c a r b o n y l  s t r e t c h ) .

1 4 5 2 ,  1394 (CH^ d e f o r m a t i o n ) .



PREPARATION OF 2-ACET0XY-1. 3-DIOXOLAN.

The p r e p a r a t i o n  o f  2—a c e t o x y —1 , 3 - d i o x o l a n  was c a r r i e d  

o u t  b y  t h e  m ethod  o f  S c h e e r e n ,  Van d e r  Veek and S t e v e n s 16 

b y  a l l o w i n g  a m i x t u r e  o f  2- m e t h o x y - 1 , 3 - d i o x o l a n  ( 0 . 2  m o l e s ) ,  

a c e t o x y - d i m e t h o x y - m e t h a n e  ( 0 . 2  m o le s )  and d r y  a c e t i c  a c i d  

( 0 . 4  m o l e s )  t o  r e a c t  u n d e r  r e d u c e d  p r e s s u r e  ( 1 5 -2 0  mm) f o r  

a p p r o x i m a t e l y  10 h o u r s  f o l l o w e d  by f r a c t i o n a t i o n  t h r o u g h  a 

s p i n n i n g  band  column.

b . p .  41-43°C a t  0 . 4  mm Hg. c l e a r  l i q u i d .

55-56°C a t  0 . 8  mm Hg.

l i t .  v a l u e 1 "* 42-43°C a t  0 . 4  mm Hg.

N.M.R. (CDCl^) 60 MHz. 1 1 8 .8  Hz, 1 . 9 8 $ ( s ,  3H)j 245 Hz.

4 .0 8 6 (m ,  4H)j 410 Hz, 6 . 8 3 6 ( s ,  1H).

90 MHz. 182 Hz, 2 . 0 2 a ( s ,  3H); 369 Hz ,

4 .1 0  &(m, 4H); 6 1 5 .5  Hz, 6 .8 4 & ( s ,  l H ) .

100 MHz. 202 Hz, 2 . 0 2 6 ( s ,  3H); 411 Hz ,

4 . 1 l 6 ( m> 4H)j 680 Hz, 6 . 8 0 s ( s ,  1H).

I . R. (CC14 ) v cm- 1 . 2990,  2975 b (C-H a l i p h a t i c )

2908 (CH^-0 s t r e t c h )

175° b ( c a r b o n y l  C=0)

PREPARATION OF 2-ACET0XY-4.4.  5 . 5-TETRAMETKTL-l t 3-DIOXOLAN.

The p r o d u c t  was o b t a i n e d  by a method s i m i l a r  t o  t h a t  us  

f o r  t h e  s y n t h e s i s  o f  2—a c e t o x y —1 , 3 —d i o x o l a n .
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b . p .  58-59°C a t  0 . 8  mm Hg. 

l i t .  v a l u e  5 50-51°C  a t  0 . 4  mm Hg.

N.M.R. (CPC13 ) 60 MHz. 123 Hz, 2 .0 5 & ( s ,  3H); 74 Hz,

1 . 2 3 s ( s ,  6H); 80 Hz, 1 . 3 3 6 ( s ,  6H);  404 Hz,

6 .7 3 f c ( s ,  1H).

90 MHz. 182 Hz , 2 . 0 2 6 ( s ,  3H); 109 HZf

1 . 2 1 $ ( s , 6H); 118 Hz , 1 . 3 1 f i ( s ,  6H);  602 Hz , 

6 . 6 9 s ( s ,  1H).

100 MHz. 204 Hz , 2 . 0 4 6 ( s ,  3H); 111 Hz ,

l . l l & ( s ,  6H); 116 Hz, 1 .1 6  fc(s, 6H);  670 Hz , 

6 . 7 0 § ( s ,  1H).

I . R .  ( C C l ^ ) v  cm”"1 2998 ,  2980 b (C-H a l i p h a t i c ) .

2935 b (C-H a l i p h a t i c ) .

1750 ( c a r b o n y l  s t r e t c h ) .

PREPARATION OF ACETOXY-DIETHOXY-METHANE( PIETHOXYMETHYL ACETATE) .

T h i s  compound c o u l d  be o b t a i n e d  by t h e  r e a c t i o n  o f  t r i e t h y l  

o r t h o f o r m a t e  w i t h  a c e t i c  a n h y d r i d e  o r  t h e  mixed f o r m i c  a c i d / a c e t i c  

a n h y d r i d e 1 ** b u t  was o b t a i n e d  c o m m e r c i a l ly  f rom t h e  A l d r i c h  

C h e m ic a l  Company. This  m a t e r i a l  was d i s t i l l e d  b e f o r e  u s e .

b . p .  6 4 - 6 5 °C a t  20 mm Hg. 

l i t .  v a l u e 14 60°C a t  11 mm Hg.

N.M.R. (CDC13 ) 90 MHz. 567 Hz, 6 . 3 0 s ( s ,  lH ) ;  333 Hz,

3 .7 0 & (q ,  4H, 7 .6 5  Hz) ;  1 8 5 .5  Hz, 2 . 0 6 6 ( s ,  3H); 

109. Hz, 1 .21  6 ( t , 6H, 7 . 6 5  Hz ) .
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• I . E .  (CC14 ) v cm  ̂ 2980 b (C-H a l i p h a t i c s ) .

2903 ,  2938 (C-H a l i p h a t i c s ) .

1751 ( c a r b o n y l  s t r e t c h ) .

PREPARATION OF CHLOROACETOXY DERIVATIVES.

Method 1 . A l l  a t t e m p t s  to  s y n t h e s i s e  t h e  c h l o r o a c e t o x y  

compounds d i r e c t l y  f rom  t h e  o r t h o e s t e r s  were u n s u c c e s s f u l .

Method 2 . The p r e p a r a t i o n  o f  t h e s e  c h l o r o a c e t o x y  d e r i v a t i v e s  

was c a r r i e d  o u t  by a method s i m i l a r  t o  t h a t  o f  S c h e e r e n  

e t  a l ^  by  r e a c t i n g  e q u i m o l a r  q u a n t i t i e s  of  t h e  a c e t o x y  

compound and c h l o r o a c e t i c  a c i d  w i t h  h e a t i n g  u n d e r  r e d u c e d  

p r e s s u r e  i n  a  s p i n n i n g  band column.  The a c e t i c  a c i d  was 

d i s t i l l e d  o f f  s l o w l y  (b o t to m  t e m p e r a t u r e  b e i n g  k e p t  be low  5 0 °C ) .

The r e m a i n i n g  l i q u i d  was t h e n  d i s t i l l e d  u n d e r  h i g h  vacuum.

CHLOROACETOXY-DIETHOXY-ME THANE Y i e l d  ~  80^

b . p .  61-63°C  a t  0 . 0 7  mm Hg. c l e a r  l i q u i d .

N.M.R. (CPC13 ) 60 MHz> 386 Hz> 6 . 4 3 6 ( s ,  1H); 249 Hz ,

4 1 5 6 ( s ,  2H); 235 Hz,  3 . 9 2 6 ( q ,  4H, 7Hz);

83 Hz,  1 .3 8  6 ( t ,  6H, 7HZ) .

m ic ro  a n a l  vs  i s : Foundi  C, 4 2 .9 8 ;  H, 6 . 3 5 ;  C-t, 1 8 . 1 9 ;

C_H O.C£ r e q u i r e s  C, 4 2 .7 6 ;  H, 6 . 6 5 ;  0£ ,  1 8 . 1 $ .
7 13 4

2-CHL0R0ACET0XY-4. 4 . 5  . 5-TETRAMSTHYL-l, 3-DIOXOLAN.

b . p .  108-110°C a t  0 .0 3  mm Hg. c l e a r  l i q u i d .  Y i e l d  ~  80$, 

N.M.R. (CDC13 ) 60 MHz. 409 Hz , 6 . 8 2 $ ( s ,  1H); 243 HZf

4 . 0 5 6 ( s ,  3H); 79 Hz,- 1.  32&( s , 12H).

90  MHz. 6 0 8 .5  Hz, 6 . 7 6 s ( s ,  1H);  3 6 5 .5  Hz,

4 .0 6  $( s , 3H); 113 .5  Hz, 1 . 2 6 s ( s ,  12H).
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m i c r o a n a l y s i s  : No s a t i s f a c t o r y  m i c r o a n a l y s i s  c o u l d  be

o b t a i n e d  due t o  c o n t i n u o u s  d e c o m p o s i t i o n  w h i l e  s a m p le s  

w e re  b e i n g  made up f o r  a n a l y s i s .

2-CHL0R0ACET0XX-1. 3-DIOXOLAN.

A l t h o u g h  2 - c h l o r o a c e t o x y - l , 3 - d i o x o l a n  was o b s e r v e d  by 

N.M.R. d u r i n g  t h e  r e a c t i o n ,  i s o l a t i o n  o f  t h e  p u r e  m a t e r i a l  

c o u l d  n o t  be c a r r i e d  o u t  by d i s t i l l a t i o n  u n d e r  t h e  c o n d i t i o n s  

u s e d  due  t o  d e c o m p o s i t i o n  o f  t h e  m a t e r i a l .

PREPARATION OF 2 , 2 -PIALKOXX-TETRAHXDROPXRANS .

The p r e p a r a t i o n  o f  t h e s e  compounds was c a r r i e d  o u t  by
17t h e  m e th o d  o f  D e s lo n g ch am p s .

5 - Y a l e r o l a c t o n e  (10 m m o le s )  and t r i a l k y l o x o n i u m  f l u o r o ­

b o r a t e  (10  m m o le s )  were  d i s s o l v e d  i n  an h y d ro u s  d i c h l o r o m e t h a n e  

u n d e r  d r y  n i t r o g e n .  The s o l u t i o n  was m a g n e t i c a l l y  s t i r r e d  

a t  room t e m p e r a t u r e  f o r  t h e  p e r i o d  o f  t h e  r e a c t i o n  ( i n  t h e  

c a s e  o f  t r i e t h y l o x o n i u m  f l u o r o b o r a t e  a p p r o x i m a t e l y  3 - 4  h o u r s ;  

t r i m e t h y l o x o n i u m  f l u o r o b o r a t e  was s t i r r e d  o v e r n i g h t ) .

When t h e  f l u o r o b o r a t e  s a l t  was r e q u i r e d  i t  was i s o l a t e d  

by t h e  a d d i t i o n  o f  d r y  e t h e r  u n t i l  t h e  s o l u t i o n  became t u r b i d .  

The s o l u t i o n  was k e p t  a t  0°C o v e r n i g h t  and t h e  r e s u l t i n g

c r y s t a l s  f i l t e r e d  i n  a d r y  box.

F o r  t h e  s y n t h e s i s  o f  t h e  d i a l k o x y  compound t h e  f l u o r o b o r a t e  

s a l t  i n  s o l u t i o n  was added  d r o p w i s e ,  t o  a p r e c o o l e d  s o l u t i o n  

(_ 7 8 °C )  o f  sod ium  a l k o x i d e  (30 m m o le s )  i n  35 mis o f  a l c o h o l ,
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u n d e r  a  n i t r o g e n  a t m o s p h e r e .  The r e a c t i o n  was t h e n  m a g n e t ­

i c a l l y  s t i r r e d  a t  -78°C  f o r  a p p r o x i m a t e l y  1 h o u r .  The 

m i x t u r e  was a l l o w e d  t o  warm up to  room t e m p e r a t u r e  and  e t h e r  was 

a d d e d .  The o r g a n i c  p h a s e  was washed w i t h  aqueous  sod ium  

b i c a r b o n a t e ,  d r i e d  o v e r  p o t a s s i u m  c a r b o n a t e  and e v a p o r a t e d  

to  d r y n e s s  y i e l d i n g  c r u d e  o r t h o e s t e r .  P u r i f i c a t i o n  was by 

vacuum d i s t i l l a t i o n .

2 . 2-DIMETHOXY-TETRAHYDROPYRAN.

b . p .  27-28°C  a t  0 . 7  mm Hg# C l e a r  l i q u i d

58-60°C u n d e r  w a t e r  vacuum.

N.M.R. (CDC13 ) 60 MHz. 84-108  Hz , 1 . 4 - 1 . 8 6 ( m ,  6H); 194 Hz ,

3 . 2 5 6 ( s ,  6H); 225 Hz , 3 . 7 8 f i ( t ,  2H, 6HZ ) .

90 MHZ. 1 2 1 . 5 - 1 5 7 . 5  Hz, 1.  3 5 - 1 .7 5  s U ,  6H);

290 Hz , 3 . 2 2 § ( s , 6H); 335.  5 Hz,

3 . 7 3 6 ( t ,  2H, 5 . 4  Hz ) .

d , - a c e t o n e  90 MHz. 1 1 2 .5 - 1 5 3  Hz , 1 . 2 5 - 1 . 7 0  f tU ,  6H);
6

282 Hz, 3.13 s ( s ,  6H); 3 2 9 . 4  Hz, 3 . 6 6 6 ( t ,  2H,

4 .9 5  H z ) .

I . E .  (CC1 )v  cm-1  2965 ,  2920 sh  (C-H s t r e t c h )
_

2880 s h  (CH^-O s t r e t c h )

2840 sh  (CH^-0 s t r e t c h )

1340* 1350 ,  1358,  1362 (CH3 d e f o r m a t i o n ,

s y m m e t r i c )

1440 ,  1455 ,  1470 (CH3 d e f o r m a t i o n ,

a s y m m e t r i c )
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i l 0 5 ,  1113 ,  1140,  1154 ,  1 1 7 1 ,  1193 

10 4 0 ,  1048 ,  1052,  1085 (C-0 s t r e t c h ) .

2 . 2-DIETH0XY-TETRAHYDR0PYRAN-

b . p .  32—34°C a t  0 , 5  mm Hg. C l e a r  l i q u i d
17

l i t .  v a l u e  7 2 - 7 4 °  a t  20 mm Hg.

N.M.R. (CDC13 ) 90 MHz. 1 0 5 .7  Hz, 1 . 1 7 5 ( 6 ,  6H, 7 . 2 9  H z) ;

1 17-162  Hz, 1 . 3 - 1 . 8  6(m, 6H); 318 Hz,

3 . 5 4 6 ( q ,  4H, 7 .2 9  H z) ;  337 Hz ,

3 . 7 4 s ( t ,  2H, 4 .0  H z) .

I . R .  ( C C l^ )  v cm 2975 ,  2943 ,  2935 b (C—H a l i p h a t i c s ) .

2890 b (C-H a l i p h a t i c s ) .

1040 ,  1055,  1080 (C-O-C s t r e t c h ) .

ATTEMPTED PREPARATION OF 2-ACETOXY- 2 -METH0XY-TETRAHYDROPYRAN. 

Method 1 . The a t t e m p t e d  method o f  p r e p a r a t i o n  was s i m i l a r  

t o  t h e  p r e p a r a t i o n  o f  2 - a c e t o x y - l , 3 - d i o x o l a n  by a l l o w i n g

2 . 2 - d i m e t h o x y - t e t r a h y d r o p y r a n  ( 0 . 0 2  m o l e s ) ,  a c e t o x y - d i m e t h o x y -  

m e th a n e  ( 0 . 0 2  m o le s )  and a c e t i c  a c i d  ( 0 . 0 4  m o le s )  to  r e a c t  w i t h  

h e a t i n g  u n d e r  r e d u c e d  p r e s s u r e .  The r e a c t i o n  was c o n t i n u a l l y  

m o n i t o r e d  by  N.M.R. f o r  c o m p l e t i o n  o f  t h e  r e a c t i o n .  The 

p r o d u c t s  o b t a i n e d  w ere  6—v a l e r o l a c t o n e  ( o b s e r v e d  by N .M .R.)  

and  b y  lo w  p r e s s u r e  d i s t i l l a t i o n  m ethy l  5—a c e t o x y v a l e r a t e •

b . p .  5 4 - 5 5 °C a t  0 . 2  mm Hg. C l e a r  l i q u i d .

N.M.R. (CDC1 ) 90 MHz. 139-161 Hz, 1.  5 5 - 1 .7 9  i U ,  4H);

180 Hz, 2 . 0 6 ( s ,  3H); 210 Hz , 2 . 3 3 6 ( 5 ,  2H,

6 . 3  Hz) ;  329 Hz, 3 . 6 6 6 ( s ,  3H); 3 . 6 6  Hz,

4 . 0 7 & (t ,  2H, 5 .76  H z) .
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I . R .  ( CCl^)  v cm . 2960 b (C—H a l i p h a t i c s ) ,

2 880 ,  2850 (C-H a l i p h a t i c s ) .

1745 ( c a r b o n y l  C=0). 

m i c r o a n a l y s i s : Pound: C, 5 5 .2 6 ;  H, 8 . 2 8 ;

C a l c d .  f o r  CgH180 4 C, 5 5 .1 6 ;  H, 8 . 1 0 $

Method 2 . Method 1 was r e p e a t e d  b u t  no h e a t i n g  was c a r r i e d  

o u t .  The r e a c t i o n  t im e  was l i m i t e d  t o  25 m in u te s  t h e n  low 

b o i l i n g  com ponen ts  were removed u n d e r  h i g h  vacuum. The 

r e s u l t i n g  l i q u i d  c o n t a i n e d  o n l y  m e th y l  5 - a c e t o x y v a l e r a t e  and 

s t a r t i n g  m a t e r i a l .

Method 3 . 0 - M e t h y l - 6 - v a l e r o l a c t o n i u m  f l u o r o b o r a t e  ( 0 .0 5  m o le s )  

was d i s s o l v e d  i n  d r y  d i c h l o r o m e t h a n e  and 1 8 - c r o w n - 6 - e t h e r  

( 0 . 0 0 3  m o l e s )  was ad d e d .  Dry p o t a s s i u m  a c e t a t e  ( 0 .0 5  m o l e s ) ,  

p u l v e r i s e d ,  was added  to  th e  above s o l u t i o n ,  c o o l e d  to  - 7 8 ° C ,  

w i t h  c o n t i n u o u s  s t i r r i n g ,  t h e  whole sy s tem  b e i n g  k e p t  u n d e r  a d r y  

n i t r o g e n  a t m o s p h e r e .  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  

—78°C f o r  1 h o u r  b u t  on warming to  room t e m p e r a t u r e  and w o r k in g  

u p ,  a s  m e th o d  1 ,  t h e  N.M.R. s p e c t r u m  shoved  o n l y  m e th y l  5 - a c e t o x y ­

v a l e r a t e  and  m e th y l  a c e t a t e .

Method 4 . Method 3 was r e p e a t e d  u s i n g  t h e  h e x a f l u o r o a n t i m o n a t e  

s a l t  ( o b t a i n e d  f rom t h e  r e a c t i o n  o f  6 - v a l e r o l a c t o n e  and t r i  — 

m e th y lo x o n iu m  h e x a f l u o r o a n t i m o n a t e ) .  The N.M.R. s p e c t r u m  o f  t h e  

r e s u l t i n g  s o l u t i o n  showed t h e  p r e s e n c e  o f  m e th y l  5 - a c e t o x y ­

v a l e r a t e  and m e th y l  a c e t a t e  as  b e f o r e .
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Method—J5. Method 4 was r e p e a t e d  u s i n g  t e t r a m e th y la m m o n iu m

a c e t a t e ,  i n s t e a d  o f  1 8 - c r o w n - 6 / p o t a s s i u m  a c e t a t e .  The same 

p r o d u c t s  a s  t h o s e  o f  t h e  o t h e r  methods were o b t a i n e d .

ATTEMPTED PREPARATION OF g-ACETOXY-g. a-DIMETHOXY-TOLUENE.

Method 1 . E q u im o la r  q u a n t i t i e s  o f  t r i m e t h y l  o r t h o b e n z o a t e  

and  d r y  a c e t i c  a n h y d r i d e  were h e a t e d  g e n t l y  u n d e r  n i t r o g e n  

w i t h  c o n s t a n t  m o n i t o r i n g  by N.M.R. The o n l y  p r o d u c t s  

o b s e r v e d  were  m e th y l  b e n z o a t e  and m e th y l  a c e t a t e .

Method 2 . The mixed fo rm ic  a c i d / a c e t i c  a n h y d r i d e  s y s t e m  was r e ­

a c t e d  w i t h  t r i m e t h y l  o r t h o b e n z o a t e  a t  room t e m p e r a t u r e  and 

m o n i t o r e d  by N.M.R. The same p r o d u c t s ,  as  t h o s e  i n  method  1 ,  

w ere  o b t a i n e d .

Method 3 . A l l  t h e  f o l l o w i n g  r e a c t i o n s  were c a r r i e d  o u t  a t  

a m b i e n t  t e m p e r a t u r e  i n  s e a l e d  N.M.R. t u b e s .

( a )  E q u i m o l a r  q u a n t i t i e s  o f  t r i m e t h y l  o r t h o b e n z o a t e ,  a c e t o x y -  

d i m e t h o x y —m ethane  and a c e t i c  a c i d  were  m o n i t o r e d  by N.M.R.

The p r o d u c t s  n o t e d  were m e th y l  b e n z o a t e ,  e t c .  w i t h  no s i g n  o f  t h e  

r e q u i r e d  m a t e r i a l .

( b )  T r i m e t h y l  o r t h o b e n z o a t e  and a c e t o x y —d im e th o x y —m ethane  

w ere  m ixed  i n  eq .u im olar  am oun ts .  The p r o d u c t s  o b t a i n e d  were  

a s  b e f o r e .

( c )  T r i m e t h y l  o r t h o b e n z o a t e  and a c e t o x y —d im e th o x y —m ethane  

w ere  m ixed  i n  v o l u m e t r i c  r a t i o  3 :1  r e s p e c t i v e l y .  The p r o d u c t s  

o b t a i n e d  were  as  b e f o r e .
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( d )  E q u i m o l a r  q u a n t i t i e s  o f  t r i m e t h y l  o r t h o b e n z o a t e  and 

a c e t o x y - d i m e t h o x y - m e t h a n e  were mixed w i t h  a  t r a c e  o f  

t o l u e n e —p —s u l p h o n i c  a c i d  as  c a t a l y s t  b u t  t h e  same p r o d u c t s  

w ere  o b t a i n e d .

Method 4 . D imethoxy p h e n y l  c a rb en iu m  f l u o r o b o r a t e  ( 0 .0 3 8  

m o l e s )  was d i s s o l v e d  i n  d r y  e t h y l e n e  c h l o r i d e  ( l , 2  d i c h l o r o -  

e t h a n e )  and ad d ed  d r o p w is e  u n d e r  n i t r o g e n  t o  a s o l u t i o n  

c o n t a i n i n g  a c e t i c  a c i d  ( 0 .0 3 8  m o le s )  and 2 , 6 - l u t i d i n e  

( 0 . 0 7 6  m o l e s )  a t  -7 8 ° C .  The r e a c t i o n  was s t i r r e d ,  a t  t h i s  

t e m p e r a t u r e  f o r  1 h o u r  b e f o r e  warming t o  room t e m p e r a t u r e .

The p r o d u c t s  w ere  as  b e f o r e .

Method 5 .  Dim ethoxy  p h e n y l  ca rb e n iu m  f l u o r o b o r a t e  was 

d i s s o l v e d  i n  d r y  m e th y le n e  c h l o r i d e  and 1 8 -c ro w n -6  e t h e r  

a d d e d  ( s e e  p r e v i o u s  r e a c t i o n  t o  s y n t h e s i s e  2 - a c e t o x y - 2 - m e t h o x y -  

t e t r a h y d r o p y r a n ) .  P o t a s s i u m  a c e t a t e  was added to  t h i s  

c o o l e d  s o l u t i o n  a t  -78°C  b u t  on warming a f t e r  1 h o u r  t h e  

p r o d u c t s  w ere  as  b e f o r e .

Method 6 . E q u i m o l a r  q u a n t i t i e s  o f  t h e  f l u o r o b o r a t e  s a l t  

and  a c e t o x y —d i m e t h o x y —methane  were d i s s o l v e d  i n  p —d i c h l o r o -  

b e n z e n e  a t  room t e m p e r a t u r e .  No a c e t o x y  compound was o b s e r v e d  

b y  N.M.R. P ro b le m s  would  hav e  a r i s e n  i n  t h e  i s o l a t i o n  o f  

t h e  p r o d u c t  i f  i t  had  b e e n  fo rm ed .
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Method .1* E q u i m o l a r  q u a n t i t i e s  o f  t r i m e t h y l  o r t h o b e n z o a t e  

and  d r y  a c e t i c  a c i d  were  h e a t e d  g e n t l y  i n  b e n z e n e  u n d e r  

n i t r o g e n  and m o n i t o r e d  by N.M.R. The p r o d u c t s  o b t a i n e d  w ere  

m e th y l  b e n z o a t e ,  m e th a n o l  and  m e th y l  a c e t a t e .

Method 8 . 1 , 1 - d i m e t h o x y - l - p h e n o x y - t o l u e n e  ( 0 . 0 2  m o le s )  and

a c e t i c  a n h y d r i d e  ( 0 .0 1  m o le s )  were  a l l o w e d  to  r e a c t  a t  35°C 

i n  b e n z e n e  s o l u t i o n .  As y e t  no p r o d u c t  has  been  i s o l a t e d .

ATTEMPTED PREPARATION OF 2-ACET0XY-2-PHENYL-1. 3-DIOXOLAN.

Method 1 . 2 - m e t h o x y - 2 - p h e n o x y - l , 3 - d i o x o l a n  ( 0 .0 1  m o le s )  

a c e t o x y - d i m e t h o x y - m e t h a n e  ( 0 .0 1  m o le s )  and a c e t i c  a c i d  

(0  . 0 2  m o l e s )  were  h e a t e d  u n d e r  r e d u c e d  p r e s s u r e  and t h e  

r e a c t i o n  m o n i t o r e d  by N.M.R. The p r o d u c t  o b t a i n e d ,  a s  s e e n  

by  N.M.R. was 2 - a c e t o x y  e t h y l  b e n z o a t e ;  no s i g n  o f  t h e  

2 - a c e t o x y - 2 - p h e n y l - l , 3 - d i o x o l a n  was o b s e r v e d .

Method 2 , The p r o c e d u r e  was i d e n t i c a l  w i t h  method 1 b u t  no 

a c e t i c  a c i d  was u s e d .  The r e s u l t s  were as  b e f o r e .

Method 3 .

( a )  2 - p h e n y l - l , 3 - d i o x o l e n i u m  f l u o r o b o r a t e  (0 .0 0 3 7 5  m o l e s )  

was d i s s o l v e d  i n  d r y  a c e t o n i t r i l e .  This  was t h e n  added  to  

a  s o l u t i o n  o f  1 8 -c ro w n —6 e t h e r  ( 0 .1  m o l a r )  and p o t a s s i u m  

a c e t a t e  ( 0 .0 0 3 7 5  m o le s )  i n  a c e t o n i t r i l e .  The N.M.R. s p e c t r u m  

showed t h e  o n l y  p r o d u c t  t o  be 2 - a c e t o x y  e t h y l  b e n z o a t e .

( b )  The above  m ethod was r e p e a t e d  i n  benzene  s o l u t i o n  b u t  t h e  

p r o d u c t s  o b t a i n e d  were t h e  same.
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Method 4 .

( a )  E q u i m o l a r  q u a n t i t i e s  o f  t e t ra m e th y lam m o n iu m  a c e t a t e  and 

2 - p h e n y l - l , 3 - d i o x o l e n i u m  f l u o r o b o r a t e  were a l l o w e d  to  r e a c t  

i n  m e t h y l e n e  c h l o r i d e  a t  room t e m p e r a t u r e ;  o n l y  2 - a c e t o x y  

e t h y l  b e n z o a t e  was o b t a i n e d .

( b )  The ab o v e  r e a c t i o n  was r e p e a t e d  by c o o l i n g  t h e  t e t r a m e t h y l — 

ammonium a c e t a t e  s o l u t i o n  t o  -78°C f o l l o w e d  by d r o p w is e  a d d i t i o n  

o f  t h e  f l u o r o b o r a t e  s a l t  t o  t h i s  s o l u t i o n  a t  t h a t  t e m p e r a t u r e .

On w arm ing  t o  room t e m p e r a t u r e  ( a f t e r  a p p r o x i m a t e l y  1 h o u r )

t h e  p r o d u c t s  were  o b s e r v e d  to  be t h e  same as  p r e v i o u s l y .

ATTEMPTED PREPARATION OF 2-PHENOXY-2-PHENYL- 1 .  3-DIOXOLAN.

2 - P h e n y l - l , 3 - d i o x o l e n i u m  f l u o r o b o r a t e  ( 0 .0 1  m o le s )  i n  

m e t h y l e n e  c h l o r i d e  was added d r o p w is e  u n d e r  n i t r o g e n ,  t o  a 

c o o l e d  s o l u t i o n  ( -7 8 ° C )  o f  t e t ram e th y lam m o n iu m  p h e n o x id e  i n  

m e t h y l e n e  c h l o r i d e / a c e t o n i t r i l e  ( 4 : 1 ) •  The r e a c t i o n  m i x t u r e  

was k e p t  a t  t h i s  t e m p e r a t u r e  f o r  1 h o u r .  On warming t o  room 

t e m p e r a t u r e  and removal  o f  t h e  s o l v e n t  o n l y  2 -ph en o x y  e t h y l  

b e n z o a t e  was o b t a i n e d .

PREPARATION OF a.a-DIMETHOXY-a-PHEXOXY-TOLUENE.

Method 1 . E q u i m o l a r  q u a n t i t i e s  of  p h e n o l  and t r i m e t h y l  o r t h o -  

b e n z o a t e  were  r e f l u x e d  i n  b e n z e n e ,  u n d e r  n i t r o g e n ,  w i t h  a t r a c e  

o f  t o l u e n e —p —s u l p h o n i c  a c i d  as  c a t a l y s t .  The r e a c t i o n  was 

m o n i t o r e d  by  N.M.R. b u t  o n l y  m e th y l  b e n z o a t e  (5  Me=3.89)  and 

a n i s o l e  (ft Me=3.77)  c o u l d  be o b s e r v e d .
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M e t h o d ^ .  T r i m e t h y l  o r t h o b e n z o a t e  ( 0 . 1  m o le s )  and p h e n o l  

( 0 , 0 5  m o l e s )  were  r e f l u x e d  i n  b e n z e n e , u n d e r  n i t r o g e n ,  w i t h  

t o l u e n e —jd—s u l p h o n i c  a c i d  as  c a t a l y s t .  The r e a c t i o n  was 

m o n i t o r e d  by  N.M.R. u n t i l  t h e  t h e o r e t i c a l  amount o f  p r o d u c t  

h a d  f o r m e d .  The y i e l d  o b t a i n e d  was a p p r o x i m a t e l y  2 d r o p s

o f  p r o d u c t  a f t e r  rem oval  o f  low b o i l i n g  components  by h i g h  

vacuum d i s t i l l a t i o n .

Method 3 . Method 2 was r e p e a t e d  u s i n g  r e d i s t i l l e d  m e t h a n e -  

s u l p h o n i c  a c i d  as  c a t a l y s t  g i v i n g  a p p r o x i m a t e l y  60 - 70$  y i e l d  o f  a 

c l e a r  l i q u i d  w h ich  c r y s t a l l i s e d  to  g iv e  a w h i t e  s o l i d ,  

b . p .  9 2 -93°C  a t  0 .0 1 8  mm Hg.

m .p .  4 6 - 4 6 . 5°C

N.M.R. (CDC13 ) 90 MHz. 291 Hz , 3 . 2 3 6 ( s ,  6H); 607 -648  Hz,

6 . 7 5 - 7 . 2 6( m> 5H); 648-666  Hz, 7 . 2 —7 . 4 6

(m, 3H); 675-702  Hz , 7 . 5- 7 . 8 5 ( 111, 2H)

I . E .  (CC14 ) v cm"*1 3 0 0 0 , 3018 ,  3022 ,  3070 sh  (C-H a r o m a t i c s ) .

2946 ,  2905 (C-H a l i p h a t i c s ) .

2840 (CH^ s t r e t c h )

1270 (C-0-C s t r e t c h ) .  

m i c r o a n a l y s i s : Found:  C, 7 3 . 5 5 ;  H, 6 . 6 8 ;

^1 5 ^1 6 ^3  re(l u i r e s  ^ > 7 3 . 7 5 ;  H, 6 . 6 0 $ .

ATTEMPTED PREPARATION OF a,a-DIMETHOXT-a-^NO^PHENOXT-TOLUENE.

Method 1 . Method 1 o f  t h e  p r e p a r a t i o n  o f  1 , 1 - d i m e t h o x y - l -  

p h e n o x y —t o l u e n e  was r e p e a t e d ,  t h i s  t im e  u s i n g  r e c r y s t a l l i s e d
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£ - n i t r o p h e n o l .  ^ - n i t r o a n i s o l e  ( fiMeO= 3 . 93) was o b t a i n e d  i n  

good y i e l d .

Method 2 . S i m i l a r l y  method 3 o f  t h e  p r e p a r a t i o n  o f  1 , 1 - d i m e t h o x y -  

- 1 - p h e n o x y - t o l u e n e  was r e p e a t e d  u s i n g  p - n i t r o  p h e n o l .  The

p r o d u c t  o b t a i n e d  was a g a i n  t h e  p - n i t r o a n i s o l e .

Method 3 .  T r i m e t h y l  o r t h o b e n z o a t e  ( 0 ,1 5  m o le s )  and jd—n i t r o — 

p h e n o l  ( 0 , 0 5  m o l e s )  were  r e f l u x e d  i n  b enzene  w i t h  m e th a n e -  

s u l p h o n i c  a c i d  as  c a t a l y s t .  The p r o d u c t s  o b t a i n e d  were  as  

b e f o r e .

ATTEMPTED PREPARATION OF ft-B E NZ 0 XI -  a . QL.D IMETHOXI-TOLUENE.

B e n z o i c  a c i d  ( 0 .0 5  m o le s )  and t r i m e t h y l  o r t h o b e n z o a t e  

( 0 . 1  m o l e s )  w ere  r e f l u x e d ,  u n d e r  n i t r o g e n ,  i n  b e n z e n e .

C o n t i n u o u s  m o n i t o r i n g  by N.M.R. showed f o r m a t i o n  o f  m e th y l  

b e n z o a t e  and  m e t h a n o l .

ATTEMPTED PREPARATION OF ^-DIMETH0XY-^-TRIFLU0R0ACET0XY-T0LUEl\B. 

Method 1 . T r i f l u o r o a c e t i c  a c i d  ( 0 .0 5  m o le s )  and t r i m e t h y l

o r t h o b e n z o a t e  ( 0 . 1  m o le s )  were a l l o w e d  to  r e a c t  i n  b en z en e  a t  

room t e m p e r a t u r e .  The N.M.R. s p e c t ru m  showed im m ed ia te  

f o r m a t i o n  o f  m e th y l  b e n z o a t e .

Method 2 .

( a )  E q u i m o l a r  q u a n t i t i e s  o f  t h e  t r i f l u o r o a c e t i c  mixed a n h y d r i d e  

( t r i f l u o r o a c e t i c  a c i d  and a c e t i c  a n h y d r i d e )  and t r i m e t h y l  

o r t h o b e n z o a t e  were  a l l o w e d  to  r e a c t  a t  room t e m p e r a t u r e .  The
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r e a c t i o n  v a s  m o n i t o r e d  by  N.M.R. The p r o d u c t  o b t a i n e d  was 

a g a i n  m e t h y l  b e n z o a t e .

( b )  The above  r e a c t i o n  was c a r r i e d  o u t  u s i n g  m e th y le n e  c h l o r i d e  

a s  s o l v e n t  b u t  t h e  same p r o d u c t s  were  o b t a i n e d .

PREPARATION OF 2-METH0XY-2-PHEN0XY-TETRAHYDRQPYRAN.

Method 1 . 2 , 2 - D i m e t h o x y - t e t r a h y d r o p y r a n  ( 0 .1  m o le s )  was

r e f l u x e d  w i t h  p h e n o l  ( 0 .0 5  m o le s )  i n  b e n z e n e ,  u n d e r  n i t r o g e n ,  

w i t h  a  t r a c e  o f  t o l u e n e - j p - s u l p h o n i c  a c i d  as c a t a l y s t .  The 

r e a c t i o n  was m o n i t o r e d  by N.M.R. b u t  o n l y  t h e  m e th y l - 5 - p h e n o x y

v a l e r a t e  was o b s e r v e d  w i t h  a s l i g h t  t r a c e  o f  o t h e r  m a t e r i a l .

Method 2 . Method 1 was r e p e a t e d  u s i n g  methane s u l p h o n i c  a c i d  

a s  c a t a l y s t .

b . p .  7 2 -7 4 °C  a t  0 . 0 8  mm Hg.

N.M.R. (CDC13 ) 90 MHz. 1 4 0 -1 7 4  Hz, 1 . 5 6 - 1 . 9 3  6^ ,  6H ) ;

312 Hz, 3 . 4 7 6 ( s ,  3H);  356 Hz, 3 . 9 6 s ( t ,  2H,

4 .5  H z) ;  627-664Hz,  6 . 9 7 - 7 . 3 8 6(m, 5H).

I . R. (CC14 ) v cm"1 2978 b (C-H a l i p h a t i c s ) .

3005 ,  3015 (C-H a r o m a t i c s ) .

1742 ( c a r b o n y l  C=0).

1523  (N0 2 s t r e t c h ,  s y m m e t r i c ) .

1345 (N02 s t r e t c h ,  a s y m m e t r i c ) .

m i c r o a n a l y s i s :

No a n a l y s i s  c o u l d  be o b t a i n e d  as  t h e  s m a l l  q u a n t i t y  o f  

m a t e r i a l  o b t a i n e d  was u s e d  f o r  k i n e t i c  s t u d i e s  and t im e  d i d  n o t  

a l l o w  f u r t h e r  p r e p a r a t i o n  o f  m a t e r i a l .
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ATTEMPTED PREPARATION OF 2-METH0XX-2-n-NITR0PHEN0XY-TETRAHYDR0-  

PYRAN.

2 , 2—D im eth o x y —t e t r a h y d r o p y r a n  (0 .1 5  m o le s )  and p —n i t r o —

p h e n o l  ( 0 . 0 5  m o le s )  were  r e f l u x e d  i n  b e n z e n e ,  u n d e r  n i t r o g e n

w i t h  a t r a c e  o f  methane s u l p h o n i c  a c i d  as  c a t a l y s t .  The

p r o d u c t s  o b t a i n e d  were p - n i t r o a n i s o l e  (m inor  p r o d u c t )  and

m e t h y l  5- £ - n i t r o p h e n o x y v a l e r a t e , a c r y s t a l l i n e  s o l i d  which  was

r e c r y s t a l l i s e d  f rom  a c e t o n i t r i l e .

m .p .  7 8 . 5 - 7 9 . 5°C.

N.M.R. (CDC1 ) 90 MHz. 329 Hz , 3 . 6 6 s ( s ,  3H); 156-176  Hz ,

1 . 7 4 - 1 . 9 5  s(m, 4H); 215 Hz, 2 . 3 9 s ( t ,  2H, 1HZ);

407 6( t ,  2H, O.9  Hz ); 623 Hz, 6 . 9 2 s ( d ,  2H, 0 .9 H Z

8 . 1 5 6 ( d ,  2H, 0 . 9  Hz ) .

I . E .  (CC1 ) v cm"1 3004,  3080,  3110 (C-H a r o m a t i c s ) .

2880 sh  (CH s t r e t c h ) .

2960 b (C-H a l i p h a t i c ) .

1738 ( c a r b o n y l  s t r e t c h ) .

m i c r o a n a l y s i s :  Pound:  C, 5 6 .7 ;  H, 5 .8 3 ;  N, 5 .5 4 ;

C H O N  r e q u i r e s  C, 5 6 .9 ;  H, 5 .9 3 ;  N, 5 .5 3 ^12 I) 3

Method 2 .

( a )  jO— M gthyl  6—v a l e r o l a c t o n i u m  f l u o r o b o r a t e  ( 0 .1  m o le s )  was 

d i s s o l v e d  i n  m e th y le n e  c h l o r i d e ,  sodium jD -n i t ro p h e n o x id e  i n  

t e t r a h y d r o f u r a n  (THF) was added d ro p w ise  w i t h  v i g o r o u s  s t i r r i n g  

t o  t h i s  s o l u t i o n  a t  —7 8 °C. On warming a f t e r  3 h o u rs  a t  —78 C 

t h e  N.M.R. s p e c t r u m  o f  t h e  m a t e r i a l  showed o n ly  j o - n i t r o a n i s o l e  

and t h e  m e t h y l  5—p —n i t r o p h e n o x y v a l e r a t e •
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( b )  The above  method was r e p e a t e d  w i th  sod ium p - n i t r o p h e n o x i d e  

i n  m e t h y l e n e  c h l o r i d e  as  a f i n e l y  ground s l u r r y ,  u n d e r  n i t r o g e n .

The p r o d u c t s  o b s e r v e d  were  as  b e f o r e .

ATTEMPTED PREPARATION OF 2-PHENYL-2-n-NITR0PHEN0XY--l. 3-DIOXOLAN.

To a  s o l u t i o n  o f  2—p h e n y l —1 , 3 —d i o x o le n iu m  f l u o r o b o r a t e  i n  

m e t h y l e n e  c h l o r i d e  a t  -78°C u n d e r  n i t r o g e n  was added  a s l u r r y  

o f  so d iu m  jp—n i t r o p h e n o x i d e  i n  m e th y len e  c h l o r i d e .  On warming

t o  room t e m p e r a t u r e ,  a f t e r  a p p r o x i m a t e l y  3 h o u r s ,  no p r o d u c t

was o b s e r v e d  by N.M.R.

ATTEMPTED PREPARATION OF 2-PHENYL-2-METH0XY-4. 4 . 5 .  5-TETRAMETHYL-  

- 1 . 3-DIOXOLAN.

E q u i m o l a r  q u a n t i t i e s  o f  t r i m e t h y l  o r t h o b e n z o a t e  and p i n a c o l  

w i t h  a  t r a c e  o f  t o l u e n e - p - s u l p h o n i c  a c i d  as  c a t a l y s t  were 

h e a t e d  u n d e r  n i t r o g e n  w i t h  c o n t i n u o u s  m o n i t o r i n g  by N.M.R.

The p r o d u c t s  o b t a i n e d  showed o n l y  t h e  b e n z o a t e  e s t e r .

ATTEMPTED PREPARATION OF THE DIBENZOATE ESTER OF PINACOL.

19Method 1 . A l l  a t t e m p t s  to  s y n t h e s i s e  the.  d i b e n z o a t e  e s t e r  

by  a v a r i e t y  o f  no rm a l  e s t e r i f i c a t i o n  r e a c t i o n s  v i a  t h e  a c i d /  

a l c o h o l ,  a c i d  h a l i d e / a l c o h o l  c o m b in a t io n s  were u n s u c c e s s f u l .

Method 2 . To a s t i r r e d  s u s p e n s i o n  o f  s i l v e r  b e n z o a t e  

( 0 . 2  m o l e s )  i n  150 mis d r y  a c e t o n i t r i l e  was added  s l o w l y  a 

s o l u t i o n  o f  2 , 3  d ibromo 2 ,3  d i m e t h y l  b u t a n e  i n  30 mis b e n zen e
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w h i l e  t h e  t e m p e r a t u r e  was m a i n t a i n e d  a t  7 0 - 7 5 °C. The m i x t u r e  

was s t i r r e d  a t  t h i s  t e m p e r a t u r e  f o r  24 h o u r s  and t h e n  c o o l e d  

and  f i l t e r e d .  The s o l i d  was washed w i t h  400 mis o f  80$ 

p e n t a n e / 20$  e t h e r  and t h e  combined f i l t r a t e s  were  e x t r a c t e d  

s e v e r a l  t i m e s  w i t h  w a t e r ,  t w i c e  w i t h  5% aqueous  ^ 200^ s o l u t i o n  

and f i n a l l y  d r i e d  w i t h  MgSO^. On e v a p o r a t i o n  o f  t h e  s o l v e n t  

t h e  r e s u l t i n g  l i q u i d  was T .L .C ,  on s i l i c a  w i t h  e t h e r  l O $ / p e n t a n e  

100$ a s  s o l v e n t .  The r e s u l t i n g  T .L .C .  c o n s i s t e d  o f  one m a j o r  

and  two m in o r  p r o d u c t s .  The m a jo r  m a t e r i a l  a c c o u n t e d  f o r  

a p p r o x i m a t e l y  80$ p r o d u c t .

N.M. R. (CDC1 ) 90 MHz 1 4 7 .6  Hz, 1 . 6 4 6 ( s ,  6H);  160 Hz ,

1 . 7 8 6 ( b ro a d e n e d  s ,  3H); 465 Hz,  5 . 1 7 6 (m, 1H );

475 Hz,  5 • 2 8 6 ( b ro a d e n e d  s ,  1H);  675 -7 0 2  Hz,

7 . 5- 7 , 8 6 (m, 3H); 736 -752  Hz, 8 . 1 8 - 8 . 356(m, 2H).

I . R .  ( t h i n  f i l m )  cm"1 3O7O, 3095 (C-H a r o m a t i c s ) .

2993 ,  2915,  2950 (C-H a l i p h a t i c ) .

1720  (C=0 s t r e t c h ) .

1699 ( o l e f i n i c  s t r e t c h ) .

1 6 0 5 , 1595 ( a r o m a t i c  d o u b l e  b o n d ) .

1280 (C-0 s t r e t c h ) .  

m i c r o a n a l y s i s . Found;  C, 7 5 . 5 8 ;  H, 7 . 5 6 ;

^ 1 3 ^ 1 6 ^ 2  re<l u ^ r e s  75 . '475 H, 7 . 8 4 $ .
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ATTEMPTED SYNTHESES OP 3-BROMO- 2 .  3-DIMETHYL BUT-2-YL BENZOATE.

M ethod _1 . The r e a c t i o n  o f  e q u i m o l a r  q u a n t i t i e s  o f  2 - p h e n y l —

—4 , 4 ,  5 > 5—t e t r a m e t h y l —1 , 3 - d i o x o l a n  and N - b ro m o s u c c in im id e  w i t h

Vfo A z o - i s o - b u t o n i t r i l e  as  r a d i c a l  i n i t i a t o r  i n  CC1 , p h o t o l y s e d  
Li  20

w i t h  l i g h t ,  gave a minimum o f  f i v e  p r o d u c t s  by T .L .C .  

Q u a n t i t i e s  o f  m a t e r i a l  l i k e l y  t o  be o b t a i n e d  by t h i s  m ethod  

w o u ld  h a v e  b e e n  r a t h e r  s m a l l  and  t h e r e f o r e  t h i s  m ethod was 

a b a n d o n e d .

21Method 2 . The t h e r m a l  b r o m i n a t i o n  w i t h  N - b ro m o s u c c in im id e  

and  b a r i u m  c a r b o n a t e  i n  c a r b o n  t e t r a c h l o r i d e  gave a s i m i l a r  

m i x t u r e  o f  p r o d u c t s .

22Method 3 . Method 2 i n  a c e t o n i t r i l e  gave no b e t t e r  r e s u l t s  

an d  so was a l s o  a bandoned .

ATTEMPTED SYNTHESES OF 2-PHENYL-4.4.  5 « 5-TETRAMETHYL-l. 3-DI0X0-  

LENIUM SALTS.

Method l . 23 The r e a c t i o n  o f  e q u im o la r  q u a n t i t i e s  o f  2 - p h e n y l -  

2 , 4 , 4 ,  5 ,  5 - p e n t a m e t h y l - l  , 3 - d i o x o l a n  and t r i e t h y l  oxonium f l u o r o -  

b o r a t e  i n  dry  m e th y le n e  c h l o r i d e ,  w i t h  g e n t l e  warming ,  r e s u l t e d  

i n  i n i t i a l  a t t e m p t s  b e i n g  u n s u c c e s s f u l .

M ethod 2 . ^  E q u im o la r  q u a n t i t i e s  of  2- p h e n y l - 4 , 4 ,  5 , 5 - t e t r a -  

m e th y 1—1 , 3 —d i o x o l a n  and t r i e t h y l  oxonium f l u o r o b o r a t e  w ere  

h e a t e d  i n  a s e a l e d  sys tem  and t h e  d i e t h y l  e t h e r  c o l l e c t e d  i n  

a  m e t h a n o l / d r y - c o l d  t r a p .  ^he r e s u l t a n t  s e m i c r y s t a l l i n e  s a l t ,
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w h ic h  was l e f t  i n  t h e  f l a s k ,  was d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  

b u t  i n i t i a l  a t t e m p t s  a t  c r y s t a l l i s a t i o n  were  u n s u c c e s s f u l .

B o th  m e th o d s  1 and  2 were abandoned  i n  f a v o u r  o f  method 3,

24Method 3 . E q u im o la r  q u a n t i t i e s  o f  2- p h e n y l - 4 , 4 , 5 , 5 - t e t r a -

m e t h y l - 1 , 3 - d i o x o l a n  and t r i p h e n y l c a r b e n i u m  h e x a c h l o r o a n t i m o n a t e  , 

i n  d r y  m e t h y l e n e  c h l o r i d e  u n d e r  n i t r o g e n ,  was s t i r r e d  o v e r n i g h t  

a t  room t e m p e r a t u r e .  Dry d i e t h y l  e t h e r  was t h e n  added  u n t i l  

t u r b i d  and  s o l u t i o n  a l l o w e d  to  c r y s t a l l i s e .  The c r y s t a l s  

o b t a i n e d  w ere  f i l t e r e d  u n d e r  n i t r o g e n  and any  s o l v e n t  r e m a i n i n g  

was e v a p o r a t e d  o f f  u n d e r  vacuum.

( m .p .  ) 130°C decomp. w h i t e  c r y s t a l l i n e  s o l i d .

N.M.R. ( d , - a c e t o n e ) 90 MHz 1 8 4 .2  Hz, 2 . 0 4 6 6 ( s ,  12H);
6

6 9 3 .0 _ 7 6 4 .0  Hz , 7 . 7 - 8 . 496(m, 5H). 

M i c r o a n a l v s i s . So f a r  a l l  a t t e m p t s  t o  o b t a i n  a m i c r o a n a l y s i s  

h a v e  f a i l e d  due t o  t h e  r a p i d  d e c o m p o s i t i o n  o f  t h e  m a t e r i a l  i n  

t h e  p r e s e n c e  o f  m o i s t u r e .
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KINETIC EXPERIMENTAL (U#Y. SPECTROSCOPY)

B u t f e r  S o l u t i o n s . " A n a la r "  g rad e  c h e m i c a l s  were  u s e d  i n  t h e  

p r e p a r a t i o n  o f  a l l  b u f f e r e d  s o l u t i o n s .  These  w e re  made up 

w i t h  d e g a s s e d ,  d e i o n i s e d  w a t e r  and t h e  s t o c k  s o l u t i o n s  were  

d i l u t e d ,  w here  a p p r o p r i a t e ,  by  s t o c k  p o t a s s i u m  c h l o r i d e  

s o l u t i o n  w h ich  was a t  t h e  same i o n i c  s t r e n g t h .  S t o c k  s o l u t i o n s  

o f  t h e  a c e t a l  and t h e  a c y l a l  were p r e p a r e d  w i t h  Merck " s p e c t r o — 

g r a d e "  d i o x a n  i m m e d i a t e l y  p r i o r  t o  u s e .

The pHs o f  a l l  t h e  b u f f e r e d  s o l u t i o n s  w ere  m e a s u re d  w i t h  

a  R a d i o m e t e r  Model 26 pH m e te r  w i t h  an e x t e r n a l  t e m p e r a t u r e  

c o m p e n s a t o r .  A R a d io m e te r  t y p e  G202C g l a s s  e l e c t r o d e  and  

a  c a l o m e l  e l e c t r o d e  t y p e  K4OI were u s e d .  The pH m e t e r  was 

s t a n d a r d i s e d  a g a i n s t  com m ercia l  s t a n d a r d  b u f f e r s  as  n e a r  as  

p o s s i b l e  t o  t h e  pH b e i n g  m easu red .

S p e c t r o s c o p i c  Rate  D e t e r m i n a t i o n s

A l l  r a t e  c o n s t a n t s  were d e t e r m i n e d  on a Cary  16 s p e c t r o ­

m e t e r  f i t t e d  w i t h  an a u t o m a t i c  f i v e  c e l l  co m p ar tm en t  and 

t e m p e r a t u r e  t h e r m o s t a t t i n g  b a t h  w hich  k e p t  t h e  t e m p e r a t u r e  

w i t h i n  + 0 . 0 5 ° C .  The t e m p e r a t u r e  i n s i d e  t h e  c e l l  c o m p a r tm e n t  

was m o n i t o r e d  i m m e d i a t e l y  b e f o r e  and a f t e r  t h e  k i n e t i c  r u n s  

u s i n g  a c a l i b r a t e d  th e rm o m e te r .

D a t a  f o r  t h e  change i n  t h e  a b s o r p t i o n  s i g n a l  o b t a i n e d  by  

t h e  s p e c t r o p h o t o m e t e r  was f e d  as  a v o l t a g e  s i g n a l ,  b e i n g  

p r o p o r t i o n a l  t o  t h e  a b s o r p t i o n ,  v i a  t h e  r e c o r d e r  i n t e r f a c e

t
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and t h e  a n a l o g u e / d i g i t a l  c o n v e r t e r  d i r e c t l y  t o  t h e  c o m p u te r .  

C o n t r o l  o f  t h e  s a m p l in g  r a t e ,  a u t o m a t i c  sample  c h a n g i n g  and 

c a l c u l a t i o n  o f  r e s u l t s  was c a r r i e d  o u t  by t h e  c o m p u te r  u s i n g  

a m o d i f i e d  M a th c h a t  com p u te r  l a n g u a g e  s y s te m .

10 mm S p e c t r o s i l  q u a r t z  U.V. c e l l s  were u s e d .  2 .5  ml

o f  t h e  b u f f e r  was added to  each c e l l  a p p r o x i m a t e l y  30 m i n u t e s  

p r i o r  t o  s t a r t i n g  t h e  runs  t o  a l l o w  t e m p e r a t u r e  e q u i l i b r a t i o n .  

2 5 n l i t r e s  o f  s t o c k  d io x a n  s o l u t i o n  of  s u b s t r a t e  was i n j e c t e d  

i n t o  t h e  b u f f e r  so t h a t  a l l  r a t e  c o n s t a n t s  f o r  aqueous  s o l u t i o n s  

r e l a t e  t o  lfo d i o x a n .
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RESULTS PART 1

The h y d r o l y s i s  o f  t h e  compound was f o l l o w e d  by m e a s u r i n g  

t h e  r e l e a s e  o f  t h e  a l d e l y d i c  p r o d u c t  a t  280 nm a t  a t e m p e r a t u r e  

o f  15°C.

W h i le  c c - c h l o r o a c e t o x y - a - t - b u t o x y - t o l u e n e  i s  shown as

h a v i n g  b e e n  s y n t h e s i s e d  no k i n e t i c s  were c a r r i e d  o u t  on t h i s  

compound.



250

T a b le  16 The a c e t i c  a c i d  c a t a l y s e d  h y d r o l y s i s  o f  b e n z a l  

d e h v d e  d i - t - b u t y l  a c e t a l  ( d i - t - b u t o x v - b e n z a l ) .

[CH3C02H]/4 = [CH3C02“] pH 3 .9 9  I  = 0.05M

[A*"] M V e i g h t e d  Average  I 0 k ( s ~ ^ )  S ,D ($ )

0 . 0 2 5  0 .9 0 5  6 . 8 6

0 . 0 2 0  0 .8 8 1  4 .6 5

0 . 0 1 5  0 . 8 4 6  2 .2 0

0 . 0 1 0  0 . 8 3 0  1 . 4

0 . 0 0 5  0 .8 0 0  1*68

P l o t  o f  v e i g h t e d  a v e r a g e s  k s ^ 0p e = 0 . 5 2 4  M s S.D(^) _ 5 .5 6

k .  . = 7 . 7 4 x l 0 “ 2 s ” 1 S .D ( ^ )  = 0 . 6 2
i n t

\
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Tab 1 e 17 The a c e t i c  a c i d  c a t a l y s e d  h y d r o l y s i s  o f  ct—a c e t o x v —

- g - t - b u t o x v - t o l u e n e

[CH3C02H]/4 = [CH3C03_] pH 3 .9 9  X = 0.05M

[A- ] M W eigh ted  Average  l O k t s - '*') S .D ($ )

0 . 0 2 5  0 . 9 3 6  1 . 3 7

0 . 0 2 0  0 .8 9 8  2 . 1 7

0 . 0 1 5  0 . 8 7 4  1 .7 6

0 . 0 1 0  0 .8 4 8  1 .4 9

0 . 0 0 5  0 .8 1 8  3 .15

P l o t  o f  w e i g h t e d  a v e r a g e s  e = 0 .5 7 3  M S .D ( $ )  = 4 . 3 7

k .  . = 7 . 8 9 x l 0 “ 2s “ 1 S.D($S) = 0 . 5 3i n t
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T a b l e  18 The a c e t i c  a c i d  c a t a l y s e d  h y d r o l y s i s  o f  ct—a c e t o x v — 

—OC—t —b u t o x v —t o l u e n e

[CH3C02H] = [CH3C02“] pH 4.63 I = O.O5M

[AH] M W eigh ted  Average lO^kCs- '*') S .D ( $ )

0.025 2.036 1.64

0.020 1.995 0.97

0,015 1.953 0 . 5 0

0 . 0 1 0  1.911 O .95

0.005 1.889 0.41

P l o t  o f  w e i g h t e d  a v e r a g e s  k gp e = 7 .5 7 x 1 0  2M s S .D ( ^ )  _  5 .8

k. A = 1.84 x 10“ 2S_1 S.D(fo) = 0.39

J
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T a b l e  19 The a c e t i c  a c i d  c a t a l y s e d  h y d r o l y s i s  o f  b e n z a l -  

f l e h v d e - d i - t —b u t y l  a c e t a l  ( d i - t - b u t o x . y - b e n z a l )

[CH3 C02H] = [CH3C02“ ] pH 4 .6 3  I  = 0.05M

[AH] M "Weighted Average I 0 ^ k ( s  ^ ) S .D ( $ )

0 , 0 2 5  1 .8 4 2  1 7 .9

1
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e -T a b le  20 The i m i d a z o l e  c a t a l y s e d  h y d r o l y s i s  o f  b e n z a l d e h v d  

- d i - t - b u t y l  a c e t a l  ( d i - t - b u t o x v - b e n z a l )

[ Im ]  = [lmH+ ] pH 7 .0 3  I  = O.O5M

[im ]  M W eigh ted  Average  l 0 ^ k ( s ~ ^ )  S .D ( ^ )

0 . 0 2 5  4 .7 0 6  1 . 9 2

0 . 0 2 0  4 .671  3 . 3 4

0 .0 1 5  4 .6 3 3  2 .0 7

0 . 0 1 0  4 .7 4 4  1 . 8 4

0 . 0 0 5  4 .6 5 7  2 .5 2

_ 5  —i  —i
P l o t  o f  w e i g h t e d  a v e r a g e s  e -  5 . 12x 10 M s  «  0 .

S. B( f o)  = 108

k . ■ 4 . 6 7 4 x l 0 " 4s -:l S . D ( ^ )  = 1 . 1 2
i n t
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T a b l e  21 The i m i d a z o l e  c a t a l y s e d  h y d r o l y s i s  o f  a - a c e t o x v -  

■ . g - t - b u t o x y - t o l u e n e

[Ira]  = [lmH+ ] pH 7 .0 3  I  = 0.05M

[Im ]  M Weighted. Average  1 0 ^ k ( s - 3 ) S.D($&)

0 . 0 2 5  1 .5 5 8  4 .9 6

0 . 0 2 0  1 .3 0 9  1 .9 8

0 . 0 1 5  1 .0 5 6  1 .9 5

0 . 0 1 0  0 .8 2 7  3 . 6 4

0 . 0 0 5  0 .5 6 3  1 .8 3

P l o t  o f  w e i g h t e d  a v e r a g e s  k gpo = O. 4 9 4  M 3 s S.D(j^) = 1 . 0 6

k .  . = 3 .2 1  x 10“ 3s _1 S.D(/») = 2 .7 1i n t

\
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T a b le  22 The p h o s p h a t e  c a t a l y s e d  h y d r o l y s i s  o f  fl—a c e t o x v —tx— 

- t - b u t o  x v - t o l u e n e

[Kh 2P ° 4 ] = [K2HP04] pH 6.79 I  = 0.1 M

[ P h o s ]  M W eigh ted  Average l0^k(s~'*' )  S .D ( $ )

0 . 1  1 . 0 7 4  4 .75

0 . 0 8  0 .9 1 9  2 .6 9

0 . 0 6  0 .7 5 1  1 . 6 4

0 . 0 4  0 .5 6 3  3 .4 9

0 . 0 2  0 . 3 8 6  2 .7 0

A l l

P l o t  o f  ■weighted a v e r a g e s  ^ s ^0p e = 8 .6 7 x 1 0  M s S .D ( ^ )  = 2 . 0

k.  . = 2 .1 8  X  10“ 3S""1 S . n W  = 5 . 4m t
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KINETIC EXPERIMENTAL (NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY)

A l l  s o l v e n t s  u s e d  i n  t h e  n u c l e a r  m a g n e t i c  r e s o n a n c e  

s p e c t r o s c o p y  ( N .M .R , ) k i n e t i c  s t u d i e s  were c o m m e r c i a l l y  

a v a i l a b l e  d e u t e r a t e d  s o l v e n t s  and were u s e d  i m m e d i a t e l y  on 

o p e n i n g  t o  r e d u c e  t h e  l i k e l i h o o d  o f  m o i s t u r e  a b s o r p t i o n .

A n a l y s i s  o f  R e s u l t s

An i n h e r e n t  d e f e c t  i n  t h e  method o f  a n a l y s i s  o f  t h e  

r e s u l t s  i n  t h i s  t h e s i s  was t h a t  d u r i n g  t h e  r e c o r d i n g  o f  t h e  

N.M.R. s p e c t r a  t h e  pen r e q u i r e d  a f i n i t e  t im e  to  t r a v e l  

b e t w e e n  p e a k s  i n  o r d e r  t o  o b t a i n  a co m p le te  and a c c u r a t e  

s p e c t r u m .  I n  o r d e r  to  r ed u ce  t h i s  p o s s i b l e  s o u r c e  o f  e r r o r  

on t h e  f a s t e r  ru n s  l i m i t e d  a r e a s  o f  t h e  N.M.R. s p e c t r u m  were  

m o n i t o r e d .

The p e r c e n t a g e  o f  each  m a t e r i a l  p r e s e n t  was c a l c u l a t e d  

f rom  t h e  h e i g h t  o f  one o f  i t s  s i g n a l s .  This  r e q u i r e d  

c a l i b r a t i o n  f a c t o r s  s i n c e  a l l  t h e  s i g n a l s  d i d  n o t  have  t h e  

same w i d t h .  These were o b t a i n e d  by w e ig h in g  25 u l i t r e s  o f  

t h e  f o r m a t e  e s t e r  and th e  c o r r e s p o n d i n g  o r t h o e s t e r ,  r u n n i n g  

t h e  N.M.R. s p e c t r u m  and m e a su r in g  the  peak  h e i g h t s  o f  t h e  

f o r m a t e  and HC(0R) 3 p r o t o n s .  From t h i s  d a t a  and t h e  c o n c e n ­

t r a t i o n  o f  each  s p e c i e s  th e  c o l i b r o t i o n  f a c t o r s  f o r  t h e  f o r m a t e  

p eak s ,  w ere  o b t a i n e d .  I t  was assumed t h a t  any p e a k  w i d e n i n g  

o b s e r v e d  f o r  t h e  o r t h o e s t e r s  would be a p p l i c a b l e  t o  t h e  t e t r a —
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h e d r a l  i n t e r m e d i a t e  and a c e t o x y  compound. The c o r r e c t i o n  f o r  

t h e  f o r m a t e  e s t e r  d e r i v e d  f rom 2— a c e t o x y —1 , 3 — d i o x o l a n  was 

a s sum ed  t o  be  i d e n t i c a l  t o  t h a t  f o r  e t h y l  f o r m a t e .  These  

c o r r e c t i o n  f a c t o r s  a r e  g iv e n  i n  t a b l e  23.

The c a l c u l a t i o n  o f  t h e  r e l a t i v e  p e r c e n t a g e s  o f  each  s p e c i e s ,  

s t a r t i n g  m a t e r i a l ,  i n t e r m e d i a t e  o r  p r o d u c t  c o u l d  t h e n  be 

o b t a i n e d  f rom  t h e  d a t a  by assum ing  t h e  r e l a t i v e  h e i g h t s  m u l t i ­

p l i e d  b y  t h e  c a l i b r a t i o n  f a c t o r s  f o r  s t a r t i n g  m a t e r i a l ,  i n t e r ­

m e d i a t e  and p r o d u c t  added up to  100%.

E x p e r i m e n t a l  Method

A l l  N.M.R. sam ples  were made up to  0 , 5  mis o f  s o l u t i o n  

by t h e  r e q u i r e d  q u a n t i t i e s  o f  s o l v e n t s .  T e t r a m e t h y l s i l a n e  

(TMS) was n o r m a l l y  added to  a l l  mixed s o l v e n t  s y s t e m s ,  w i t h  

t h e  e x c e p t i o n  o f  s o l u t i o n s  where t h e  aqueous f r a c t i o n  was g r e a t  

enough t o  c a u s e  t h e  TMS to  form a s e p a r a t e  l a y e r .  The TMS, 

when u s e d ,  was an i n t e r n a l  s t a n d a r d  and t h e  l o c k i n g  s i g n a l  f o r  

t h e  N.M.R. s p e c t r o m e t e r .

H y d r o l y s i s  o f  A ce to x y —dim eth o x v —methane

I n i t i a l  s t u d i e s  on t h e  h y d r o l y s i s  o f  a c e t o x y —d im e th o x y — 

—m e th an e  w ere  c a r r i e d  o u t  on a V a r i a n  T60 N.M.R. s p e c t r o m e t e r  

a t  a m b i e n t  t e m p e r a t u r e  (~ +35°C) by d i s s o l v i n g  15 u - l i t r e s  o f  

t h e  s u b s t r a t e  i n  d e u t e r i u m  o x id e  a t  +2 °C f o l l o w e d  by r a p i d  

s h a k i n g  and  m o n i t o r i n g  i n  th e  N.M.R. p r o b e .  B e in g  a r a t h e r  

c r u d e  m ethod  i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  r e s u l t i n g  s p e c t r u m

i
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showed o n l y  p r o d u c t s  w i t h  no s i g n  o f  s t a r t i n g  m a t e r i a l  o r  

i n t e r m e d i a t e .  S i m i l a r  a t t e m p t s  by t h i s  method u s i n g  sodium 

a c e t a t e  b u f f e r  ( 0 . 1  M NaOAc/O.l M AcOH) gave o n l y  t h e  s p e c t r u m  

o f  t h e  p r o d u c t .

A p r e l i m i n a r y  s t u d y ,  a t  +25°C, w i th  t h e  s u b s t r a t e  d i s s ­

o l v e d  i n  a m i x t u r e  o f  b u f f e r  and d im e th y l  s u l p h o x i d e

( 0 . 1  M NaOAc/O.l  M AcOH i n  D O (2 v o l s )  + D C30CD ( l  v o l ) )
3 3

showed s i m i l a r  n e g a t i v e  r e s u l t s .

A s y s t e m a t i c  s t u d y  by v a r i a b l e  t e m p e r a t u r e  N .M .R . ,  w i t h  

v a r y i n g  c o n c e n t r a t i o n s  o f  d e u t e r a t e d  w a t e r  and d e u t e r a t e d  

a c e t o n e ;  p r o g r e s s i v e l y  more a c e t o n e  a t  p r o g r e s s i v e l y  l o w e r  

t e m p e r a t u r e s ;  r e s u l t e d  i n  t h e  o b s e r v a t i o n  i n  D^O/Acetone 

( l : 9  V/V) a t  -60°C  o f  s t a r t i n g  m a t e r i a l  ( t h e  s o l v e n t  b e i n g  

i n i t i a l l y  c o o l e d  and t h e  s u b s t r a t e  added by s y r i n g e  w i t h  

s h a k i n g ) .  I t  had  b een  n o t e d  t h a t  t h e  D^O/Acetone m i x t u r e  

when i n i t i a l l y  removed from th e  p ro b e  was p a r t l y  f r o z e n  and 

l i q u i f i e d  as  t h e  s o l u t i o n  warmed up s l i g h t l y  a t  room t e m p e r ­

a t u r e  d u r i n g  a d d i t i o n  o f  s u b s t r a t e  and s h a k i n g .  The i n i t i a l  

s p e c t r u m  o b t a i n e d  showed p r e d o m i n a n t l y  s t a r t i n g  m a t e r i a l  b u t  

a l s o  showed a s m a l l  peak  a t  5 .2 7 6 .  However,  p ro b le m s  w i t h  

s lo w  f r e e z i n g  o f  t h e  s o l u t i o n  a t  such  a low t e m p e r a t u r e  

r e q u i r e d  t h a t  h i g h e r  t e m p e r a t u r e s  had  to  be u t i l i z e d .  Slow 

f r e e z i n g  o c c u r r e d  a t  t e m p e r a t u r e s  up to  ~ —45 to  —50 C.

S t u d i e s  were  t h e r e f o r e  i n i t i a t e d  a t  —35 C and showed 

t h a t  t h e  s t a r t i n g  m a t e r i a l  d ecayed  to  i n t e r m e d i a t e ,  d i m e t h y l —

r
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h e m i o r t h o f o r m a t e  f a s t e r  t h a n  t h e  i n t e r m e d i a t e  

h y d r o l y s e d  t o  p r o d u c t s  ( t a b l e  2 4 f o r  r a t e  c o n s t a n t s ) *  A 

s i m i l a r  s t u d y  i n  b u f f e r / a c e t o n e  m ix tu re  a t  V/V ca  1:9  gave a 

s l o w e r  d e c r e a s e  i n  s t a r t i n g  m a t e r i a l  r e s u l t i n g  i n  a s i t u a t i o n  

w h ere  a t  no t im e  was t h e r e  com ple te  l o s s  o f  s t a r t i n g  m a t e r i a l  

w i t h  t e t r a h e d r a l  i n t e r m e d i a t e  p r e s e n t  ( t a b l e  )* While  

t h i s  o b s e r v a t i o n  was o r i g i n a l l y  t h o u g h t  to  be s i g n i f i c a n t ,  

a t t e m p t s  to  r e p e a t  t h e  i n i t i a l  o b s e r v a t i o n s  o f  l o s s  o f  s t a r t ­

i n g  m a t e r i a l ,  i n  I ^ O /A c e to n e -D ^ , f o l l o w e d  by l o s s  o f  t e t r a ­

h e d r a l  i n t e r m e d i a t e  t o  p r o d u c t  r e s u l t e d ,  u s i n g  b o t h  15 and 

20 [x£.  s u b s t r a t e  a t  - 35 °C, i n  a much s lo w e r  r a t e  o f  l o s s  o f  

s t a r t i n g  m a t e r i a l  t h a n  had  p r e v i o u s l y  been  o b s e r v e d .  I t  h a d  

b e e n  t h o u g h t  t h a t  t h e  q u a n t i t y  o f  s t a r t i n g  m a t e r i a l ,  and h e n c e  

p r o d u c e d  a c i d ,  g r e a t l y  a f f e c t e d  t h e  r a t e  o f  r e a c t i o n  b u t  l i t t l e  

c h an g e  i n  t h e  r a t e s  of  15 and 20 q l i t r e s  o f  sample  c o u l d  

be f o u n d .  A seco n d  c o n s i d e r a t i o n ,  t h a t  o f  change i n  t e m p e r ­

a t u r e ,  was c o n s i d e r e d  s i n c e  t e m p e r a t u r e  c a l i b r a t i o n  and  a 

s l i g h t  d r i f t  ( ~  1 °C) c o u ld  be o b s e rv e d  o v e r  t h e  p e r i o d  o f  t h e  

r e a c t i o n  b u t  m o n i t o r i n g  th e  t e m p e r a t u r e  a c c u r a t e l y  i n  l a t e r  

e x p e r i m e n t s  r u l e d  o u t  t h i s  p o s s i b i l i t y .

The f i n a l  s o l u t i o n  to  t h e  " u n r e p e a t a b l e "  r e s u l t s  was 

o b t a i n e d  by  v a r y i n g  t h e  r a t i o  o f  h^O t o  a c e t o n e — s i n c e  t h e  

i n i t i a l  s t e p  i n  t h e  r e a c t i o n  was found  t o  be v e r y  s u s c e p t i b l e  

t o  t h e  w a t e r  c o n c e n t r a t i o n  ( s e e  t a b l e  2 8 ) ;  a few p e r c e n t  

v a r i a t i o n  r e s u l t e d  i n  a l a r g e  change i n  r a t e .
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H y d r o l y s i s  o f  r e l a t e d  acetoxv-corrrpounrls

S t u d i e s  on o t h e r  a c e t o x y —d e r i v a t i v e s , a c e t o x y —d i e t h o x y —

- m e t h a n e ,  2 - a c e t o x y - l , 3 - d i o x o l a n ,  2 - a c e t o x y - 4 , 4 , 5 , 5 - t e t r a —

m e t h y l —1 , 3 —d i o x o l a n  and t h e  c h l o r o a c e t o x y  d e r i v a t i v e ,

2—c h l o r o a c e t o x y —4 , 4 ,  5 , 5 —t e t r a m e t h y l —1, 3—d i o x o l a n  v e r e  c a r r i e d

o u t ,  t h e  r e s u l t s  o f  which  a r e  summarised  i n  t h e  R e s u l t s  and

Di s c u s s i o n  S e c t i o n s .  I n i t i a l l y  i n  t h e  c a se  o f  2—a c e t o x y —1 , 3 —

—d i o x o l a n  i t  was n o t  p o s s i b l e  t o  o b s e rv e  any t e t r a h e d r a l

i n t e r m e d i a t e  i n  D ^ / a c e t o n e - D ^  (V/V 1 : 9 )  b u t  on c h a n g in g  t h e

D ^ O /a c e to n e - D ^  r a t i o  to  g r e a t e r  w a t e r  c o n c e n t r a t i o n  t h e

t e t r a h e d r a l  i n t e r m e d i a t e  co u ld  be o b s e r v e d .

The p o s s i b i l i t y  of  s t u d y i n g  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  
13by  C ( c a r b o n - 1 3 )  N.M.R. ( n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o ­

s c o p y )  was a p p l i e d  to  t h e  most  s t a b l e  t e t r a h e d r a l  i n t e r ­

m e d i a t e  o b s e r v e d ;  t h e  t e t r a h e d r a l  i n t e r m e d i a t e  d e r i v e d  f rom  

2- a c e t o x y - 4 , 4 ,  5 , 5- t e t r a m e t h y l - l , 3 - d i o x o l a n .  The r e s u l t s  

a r e  shown i n  t h e  R e s u l t s  S e c t i o n .

H y d r o l y s i s  o f  O r t h o e s t e r s

S t u d i e s  i n  t h e  h y d r o l y s i s  o f  2- m e t h o x y - l , 3- d i o x o l a n  i n

D - O / a c e t o n e - D .  were  c a r r i e d  o u t  a t  v a r y i n g  low t e m p e r a t u r e s  
2 o

f rom  - 4 5 °C up t o  0 °C b u t  no change i n  t h e  s u b s t r a t e  s p e c t r u m  

c o u l d  be  o b s e r v e d .  S t u d i e s ,  t h e r e f o r e ,  i n  v a r y i n g  c o n c e n — 

t r a t i o n s  o f  DCf i n  DCjj/acetone-Dg (V/V 1 : 9 )  m i x t u r e s  r e s u l t e d  

i n  s l o w  h y d r o l y s i s  of  t h e  o r t h o e s t e r  a t  - 2 0 °C ,  i n  0 .0 1  M DCl



( b e f o r e  d i l u t i o n  by a c e t o n e - D ^ ) ,  b u t  no o b s e r v a t i o n  o f  any

t r a n s i e n t  p e a k s  was o b s e r v e d .  A s i m i l a r  s t u d y  o f  t h e

h y d r o l y s i s  o f  t r i m e t h y l  o r t h o f o r m a t e  showed a s i m i l a r  s lo w

h y d r o l y s i s .  The c o r r e s p o n d i n g  s u b s t r a t e ,  a c e t o x y —d im eth o x y

- m e t h a n e ,  a p p e a r e d  t o  h y d r o l y s e  i n s t a n t a n e o u s l y  a t  t h i s  a c i d

c o n c e n t r a t i o n  and  t e m p e r a t u r e  ( - 20°C).  N.M.R. S t u d i e s  o f

t h e  h y d r o l y s i s  o f  2 - m e th o x y - 4 , 4, 5 , 5 - t e t r a m e t h y l - l , 3- d i o x o l a n

i n  v a r i o u s  a c i d  c o n c e n t r a t i o n  s o l u t i o n s  ( D C ^ / a c e t o n e - D . ) a l so
showed no s i g n  o f  any i n t e r m e d i a t e  s p e c i e s .  The h y d r o l y s i s  

i n  0 . 2  M D C x /a c e to n e -D ^ (v /V  1 :9 ;  0 .2  M DC& b e f o r e  d i l u t i o n

by  a c e t o n e )  a t  -40°C showed a r e a s o n a b l y  f a s t  r e a c t i o n  t im e  

o f  ~  4 m i n u t e s  f o r  c om ple te  h y d r o l y s i s  b u t  n o t  how ever  as  

f a s t  a s  t h e  c o r r e s p o n d i n g  ace toxy-com pound u n d e r  t h e  same 

c o n d i t i o n s  •

A t t e m p t s  t o  g e n e r a t e  t e t r a h e d r a l  i n t e r m e d i a t e s  f rom 

cc, cc—d i m e t h o x y — ct— p h e n o x y - t o lu e n e  and 2- m e th o x y - 2-p h e n o x y —

—t e t r a h y d r o p y r a n  i n  DCj^/acetone-D^ showed n e g a t i v e  r e s u l t s  

w i t h  t h e  r a t e s  o f  h y d r o l y s i s  b e in g  v e r y  s low .  C o n t r a r y  t o  

e x p e c t a t i o n ,  h o w ev er ,  t h e  p r e l i m i n a r y  s t u d y  of  t h e  h y d r o l y s i  

o f  2—m e th o x y —2—p h en o x y —t e t r a h y d r o p y r a n  showed th e  u n u s u a l  

f o r m a t i o n  o f  b o t h  m eth an o l  and methy l  e s t e r .

S t u d i e s ,  t h e r e f o r e ,  were c a r r i e d  o u t  on t h e  h y d r o l y s i s  

o f  d i m e t h o x y - t e t r a h y d r o p y r a n  and d i e t h o x y t e t r a h y d r o p y r a n  

t o  c h e c k  i f  t h e r e  was f o r m a t i o n  o f  b o th  a l c o h o l  and m e th y l  

and  e t h y l  e s t e r s .  S in c e  Deslongchamps1 s t u d y  r e s u l t e d  m  t h
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c o n c l u s i o n  t h a t  o n l y  e t h y l  e s t e r  and n o t  l a c t o n e  was fo rm ed  

i n  t h e  h y d r o l y s i s  o f  d i e t h o x y —t e t r a h y d r o p y r a n #

I n i t i a l  s t u d i e s  i n v o l v e d  t h e  g e n e r a l  p r o c e d u r e  o f  

D e s lo n g c h a m p s 1 where o r t h o e s t e r  (0 .5  mmoles) was d i s s o l v e d  

i n  d e u t e r a t e d  m e th y len e  c h l o r i d e  ( 0 .0 5  m i s ) ,  c o o l e d  t h e n  

p o u r e d  o n to  c o l d  w a t e r  (O.5  m is )  c o n t a i n i n g  a s m a l l  amount 

o f  t o l u e n e - p - s u l p h o n i c  a c i d  ( lO “ 3M) a t  0°C. R ig o ro u s  a g i t ­

a t i o n  f o r  20 m in u te s  was f o l l o w e d  by t h e  q u e n c h in g  o f  t h e  

r e a c t i o n  m i x t u r e  by ac e to n e -D ^  (3 m is )  p r e c o o l e d  to  0°C to  

fo rm  a  s i n g l e  phase# Deslongchamps p r o c e d u r e  d i d  n o t  i n v o l v e  

q u e n c h i n g  w i t h  a c e t o n e  b u t  t h e  r e a c t i o n  of  th e  p r o d u c t s  t o  

fo rm  s t a b l e  e s t e r  a d d u c t s  ( s e e  D i s c u s s i o n ) .  I n  t h i s  i n v e s t i ­

g a t i o n  t h e  s i n g l e  p h a se  s o l u t i o n  was t h e n  i m m e d i a t e l y  ru n  i n  

an  N.M.R. s p e c t r o m e t e r  thermos t a t t e d  a t  0°C to  o b t a i n  t h e  

r e l a t i v e  c o n c e n t r a t i o n s  of  m e thano l  and m ethy l  e s t e r  and  h e n c e  

r a t i o  o f  l a c t o n e  to  m e thy l  e s t e r  p r o d u c t s .

A f u r t h e r  v a r i a t i o n  o f  t h i s  h y d r o l y s i s  was c a r r i e d  o u t  i n

t h e  a t t e m p t  to  remove t h e  i n i t i a l  p rob lem  a r i s i n g  f rom a two

p h a s e  s y s t e m .  The h y d r o l y s e s  o f  b o th  t h e  d im e th o x y  and

d i e t h o x y  t e t r a h y d r o p y r a n s  were t h e r e f o r e  c a r r i e d  o u t  i n

a c e t o n e —D^-D̂ O ( c o n t a i n i n g  10 3M t o l u e n e - p —s u l p h o n i c  a c i d )  a t  
o 2

v a r i o u s  r a t i o s  (V/V) and room t e m p e r a t u r e  and t h e  r e l a t i v e  

i n t e n s i t i e s  o f  t h e  peaks  c a l c u l a t e d .  S i m i l a r  s t u d i e s  u s i n g  

v a r i o u s  c o n c e n t r a t i o n s  o f  DC£ showed t h e  m e thy l  e s t e r  t o  be
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q u i t e  s t a b l e  up to  f a i r l y  h i g h  a c i d  c o n c e n t r a t i o n s .  S i m i l a r  

work u s i n g  d e u t e r a t e d  a c e t o n i t r i l e / D ^ O  c o n t a i n i n g  10~^M a c i d  

was a l s o  c a r r i e d  o u t  ( s e e  r e s u l t s ) .

H y d r o l y s i s  o f  N .N-Pimethvlformamirlo  D imethyl  Aneta/l

I n i t i a l  s t u d i e s  o f  t h e  h y d r o l y s i s  o f  N,N—d im e th y l fo r m a m id e  

d i m e t h y l  a c e t a l  (20 pj?) i n  0.01M DCj^/acetone-D,. a t  40°G showed 

l i t t l e  c h an g e  i n  t h e  s p e c t ru m  of  t h e  s u b s t r a t e  t h e  t e m p e r a t u r e  

h a v i n g  t o  be  i n c r e a s e d  to  — 30°C b e f o r e  a v e r y  s low  r e a c t i o n  

t o o k  p l a c e .  O b s e r v a t i o n s  a t  t h i s  t e m p e r a t u r e  showed a s lo w  

f o r m a t i o n  o f  d i m e t h y l f  ormamide and m e th a n o l .  I t  was n o t  

p o s s i b l e  t o  a s s i g n  any peaks  to  m e thy l  f o rm a te  p r o d u c t  u n t i l  

a p p r o x i m a t e l y  2 h o u r s  a f t e r  t h e  s t a r t  o f  t h e  r e a c t i o n  s i n c e  

t h e  r a t e  o f  f o r m a t i o n  seemed much s lo w e r .  A f u r t h e r  i n c r e a s e  

i n  t h e  t e m p e r a t u r e  to  0°C was r e q u i r e d  to  p ro d u c e  c o m p le te  

h y d r o l y s i s  o v e r  a p e r i o d  o f  1 h o u r .

A s i m i l a r  s t u d y  i n  O.lM DCi/Acetone-D^ o f  t h e  h y d r o l y s i s  

o f  N ,N -d im e th y l f o rm a m id e  d im e th y l  a c e t a l ,  a t  - 4 5 °C ,  showed a 

s l i g h t l y  f a s t e r  i n i t i a l  r e a c t i o n  ( a p p r o x i m a t e l y  5$ o f  t h e  

r e a c t i o n )  f o l l o w e d  by an e f f e c t i v e  s t o p p i n g  o f  t h e  r e a c t i o n .

The t e m p e r a t u r e  had  to  be i n c r e a s e d  to  — 35°C t h e n  t o  0 C t o  

p r o d u c e  a  r e a s o n a b l y  f a s t  r a t e  of  h y d r o l y s i s  and c o m p le te  

h y d r o l y s i s  r e s p e c t i v e l y .  The s i m i l a r  o b s e r v a t i o n  o f  d i m e t h y l — 

fo rm a m id e  and m e th a n o l  as  main p r o d u c t s  was o b s e r v e d .  From 

c o n s i d e r a t i o n s  o f  t h e  r e s p e c t i v e  h e i g h t s  o f  t h e  m e th a n o l  and
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d i m e t h y l f  ormamide p e a k s  m eth an o l  f o r m a t i o n  d i d  n o t  a p p e a r  t o  

l e a d  t o  f o r m a t i o n  o f  t h e  d im e th y l fo rm a m id e .  No o t h e r  p e a k s  

w ere  o b s e r v e d  w h ich  c o u l d  be a s s i g n e d  to  t h e  o t h e r  p o s s i b l e  

t e t r a h e d r a l  i n t e r m e d i a t e  p o s t u l a t e d  d u r i n g  t h e  r e a c t i o n  ( s e e  

s ch em e

H y d r o l y s i s .  o f  O - m e th y l - N , N -D im ethy lfo rm iden ium  M e t h y l s u l p h a t e  

H y d r o l y s i s  of  t h e  i m i d a t e  s a l t ,  0-me t h y l  -N ,N -d i  me t h y l  -  

- f o r m i d e n i u m  m e t h y l s u l p h a t e  i n  b o t h  D ^ / A c e t o n e - D ^  and 0.1M 

sod ium  a c e t a t e / A c e t o n e - D ^  showed a s i m i l a r  l a c k  o f  any  i n t e r ­

m e d i a t e  s p e c i e s  f rom t h e i r  N.M.R. s t u d i e s  a t  low t e m p e r a t u r e .  

H y d r o l y s i s  i n  D^O/Acetone-D^ (V/V, 1 : 9 )  from t h e  N.M.R. s p e c t r a  

showed i n i t i a l  f o r m a t i o n  o f  N ,N -d im e thy l fo rm am ide  (DMF), t h e  

m e t h a n o l  p e a k  b e i n g  h i d d e n  by t h e  m e t h y l s u l p h a t e  p e a k .  At 

low t e m p e r a t u r e  -40°C -  20°C t h e  s u b s t r a t e  c o u ld  be o b s e r v e d  

t o  s l o w l y  d e c a y  w h i l e  a s i m i l a r  s low  i n c r e a s e  i n  t h e  DMF was 

o b s e r v e d .  At a l a t e r  s t a g e  i n  t h e  r e a c t i o n  ('"■'40-45% r e a c t i o n ) ,  

a t  - 2 0 ° C ,  t h e  f o r m a t i o n  o f  m ethy l  f o rm a te  and p r o t o n a t e d  

dime t h y l  amine was o b s e r v e d  and by t h e  end o f  t h e  r e a c t i o n  gave  

^ 5 0 - 5 5 %  m e th y l  f o r m a t e ,  45-5°% DMF. S i m i l a r  s p e c t r a  were 

o b s e r v e d  f o r  t h e  sodium a c e t a t e / A c e t o n e —D^ h y d r o l y s i s  b u t  w i t h  

m e th y l  f o r m a t e  o b s e r v a b l e  f rom t h e  s t a r t  o f  t h e  r e a c t i o n ;  

f i n a l l y  r e s u l t i n g  i n  ^ 60—70% m ethy l  f o r m a t e .
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Hyd r o l Y s i  s_ o f  1 - N t N-di  e t h  v l  ami r> o -P ro -n-1 - v n  p  
7Ae st«o<y ,

h y d r o l y s i s ,  i n  1M H C i / A c e t o n e - D g ,  0 f  1 - N , N - d i e t h y l a m i n o -

p r o p y n e  a t  - 5 0 °C was hampered by p o o r  r e s o l u t i o n .  However

on i n c r e a s i n g  t h e  t e m p e r a t u r e  s t e p w i s e  t h e  s low  h y d r o l y s i s

c o u l d  b e  m o n i t o r e d  up to  0°C — no i n t e r m e d i a t e  was o b s e r v e d .

H y d r o l y s i s  o f  ca rb en iu m  s a l t s

H y d r o l y s i s  o f  d im e th o x y ca rb en iu m  f l u o r o b o r a t e  i n  

D ^O /A ce tone-H ^  (V/V 1 : 9 ) by th e  a d d i t i  on o f  d e u t e r i u m  o x i d e  

to  a p r e c o o l e d  s o l u t i o n  o f  t h e  s a l t  i n  a c e t o n e  ( -6 0 ° C )  

r e s u l t e d  i n  im m ed ia te  f o r m a t i o n  of  m e thy l  f o r m a t e  and m e t h a n o l .  

C are  h a d  t o  be  e x e r c i s e d  by c o o l i n g  t h e  a c e t o n e  b e f o r e  a d d i t i o n  

o f  t h e  f l u o r o b o r a t e  s a l t  s i n c e  a t  room t e m p e r a t u r e  t h e  s a l t  

r e a c t e d  w i t h  t h e  a c e t o n e  to  g iv e  m e thy l  f o r m a t e  by a n o n ­

h y d r o l y s i s  r o u t e .  H y d r o l y s i s  by a s i m i l a r  method ( p r e c o o l i n g  

t h e  a c e t o n e ,  e t c . )  u s i n g  v a r y i n g  c o n c e n t r a t i o n s  o f  sodium 

a c e t a t e  s o l u t i o n / A c e t o n e - D ^  (V/V 1 : 9 )  m i x t u r e s ,  u n t i l  t h e  

so d iu m  a c e t a t e  c o n c e n t r a t i o n  was t h e  f l u o r a t e  s a l t ,  was t r i e d  

i n  t h e  ho p e  o f  r e d u c i n g  th e  r a t e  o f  h y d r o l y s i s  by a u t o -  

c a t a l y s i s  by  f l u o r o b o r i c  a c i d  p r o v e d  e q u a l l y  u n s u c c e s s f u l ;  

t h e  s u b s t r a t e  h y d r o l y s i n g  a p p a r e n t l y  i n s t a n t a n e o u s l y .
i

S i m i l a r  s t u d i e s  o n  e a c h  o f  t h e  c a r b e n i u m  s a l t s  d e s c r i b e d  

i n  t h e  p r e p a r a t i v e  e x p e r i m e n t a l  s e c t i o n  p r o d u c e d  s i m i l a r  

n e g a t i v e  r e s u l t s  o f  a n y  o b s e r v a t i o n  o f  i n t e r m e d i a t e s ,  e a c h  s a l t  

h y d r o l y s i n g  i n s t a n t l y .



268

I t  was o b s e r v e d  t h a t  t h e  h e a t  of  r e a c t i o n  o f  t h e  h y d r o l y s i s  

o f  t h e  c a r b e n i u m  s a l t s  was v e r y  d r a m a t i c ,  p r o d u c i n g  an im m e d ia te  

i n c r e a s e  i n  t e m p e r a t u r e ,  when some of  t h e  d im e th o x y c a rb e n iu m  

f l u o r o b o r a t e  was added t o  an aqueous s o l u t i o n  o f  a c e t o n e  ( l : 9  V /V ) .  

No q u a n t i t a t i v e  c a l c u l a t i o n s  w ere ,  how ever ,  c a r r i e d  out*

A s o l u t i o n  o f  d im e th o x y c a rb en iu m  f l u o r o b o r a t e  (.15 p l i t r e s )  

i n  p r e c o o l e d  a c e t o n e  was made up and k e p t  a t  low t e m p e r a t u r e *  

A d d i t i o n  o f  a s i m i l a r  q u a n t i t y  o f  d im e th o x y —a c e t o x y —methane  

(15 | a l i t r e s ) t o  t h i s  c o o le d  s o l u t i o n  a t  — 50°C gave two p a r t i a l l y  

b r o a d e n e d  p e a k s  c o r r e s p o n d i n g  to each o f  t h e  s u b s t r a t e s .  The 

b r o a d e n i n g  o f  t h e  p ea k s  m igh t  p o s s i b l y  have been  due to  an 

e x c h a n g e  r e a c t i o n  e q u i l i b r i u m  o r  machine r e s o l u t i o n .  However 

no s t u d i e s  on t h i s  phenomenon were c a r r i e d  o u t .  A d d i t i o n  o f  

50 ^ l i t r e s  o f  D^O to  t h e  450 u l i t r e  a c e t o n e  s o l u t i o n  r e s u l t e d  

i n  i m m e d i a t e  f o r m a t i o n  o f  p r o d u c t  w i t h  no s i g n  o f  any i n t e r ­

m e d i a t e  f o r  e i t h e r  s u b s t r a t e .

Acyl M i g r a t i o n

P r e l i m i n a r y  s t u d i e s  on t h e  p o s s i b l e  e q u i l i b r a t i o n  and 

r e c y c l i s a t i o n  o f  two e s t e r s  e t h y l e n e  g l y c o l  monoformate  and 

p i n a c o l  m o n o b e n z o a te  i n  DCi/Acetone-H^ (V/V 1 : 9 )  a t  v a r y i n g  

a c i d  c o n c e n t r a t i o n s  up t o  0 . 01M DCt and up t o  100 G i n  s e a l e d  

N.M.R. t u b e s  r e s u l t e d  i n  l i t t l e  change i n  t h e  N.M.R. s p e c t r a  

w i t h  no o b s e r v e d  c o a l e s c e n c e  o f  any p e a k s .  N o ta b ly  no h y d r o l y s i s  

o f  t h e s e  e s t e r s  t o  t h e  a c i d  and a l c o h o l  was s e e n  d u r i n g  t h e



p e r i o d  o f  s t u d y  C'**'2 h o u r s ) .  The o n l y  change n o t e d  i n  t h e  

s p e c t r a  on  r e t u r n i n g  t h e  sample  to  room t e m p e r a t u r e  was t h e  

n o t a b l e  e x c h a n g e  o f  t h e  a c e t o n e  and w a t e r  p e a k  h e i g h t s  and 

i n t e g r a t i o n s .



RESULTS PART 2 .

The H y d r o l y s i s  o f  A c e to x v -d im e th o x v -m e th a n e

TABLE 24 (A) Ra te  o f  h y d r o l y s i s  of  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  C o n c e n t r a t i o n  = 1 . 4  x 10"”1 M (10 j i l i t r e s  

T e m p e r a t u r e ;  -35°C

S o l u t i o n ;  D ^O /ace tone  - D6 V/ V ca  1 :9

R ate  c o n s t a n t  lO^k ( s~ M  S.D ( $ )

1 .7 0  3 .8 9

(B) Rate  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e .

Ra te  c o n s t a n t  lO^k (s*~^) S.D (%)

3 .7 3  2 . 7 4

¥ e i g h t e d  Average

TABLE 25 Rate  o f  h y d r o l y s i s  o f  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  C o n c e n t r a t i o n  = 2 .6  x 10 ^ M (20 u l i t r e s

T e m p e r a t u r e ;  - 35 °C

S o l u t i o n ;  D^O/acetone-D^ V/V ca  1 :9

Rate  c o n s t a n t  lO^k (s  S.D (%)

2 .41  2 .5 0

2 .2 8  2 .0 3

W e ig h te d  Average  2 .33  x 10 s S.D (fo) 3 .95
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TABLE 26 H a te  o f  h y d r o l y s i s  o f  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  c o n c e n t r a t i o n  = 2 . 0  x 10"1 M ( l 5 p l i t r e s )  

T e m p e r a t u r e ;  - 3 5 °C

S o l u t i o n ; B u f f e r / a c e t o n e - D .6 V/V ca  1 :9

B u f f e r 0.1M NaOAc/O.lM AcOD

R a te  c o n s t a n t  10 ]̂k ( s - 1 ) S.D ( # )

1 .7 9 5 2 .6 5

TABLE 27 R a te  o f  h y d r o l y s i s o f  s t a r t i n g  m a t e r i a l .

T e m p e r a t u r e ;  -3 5  °C

S o l u t i o n ; D ^O/ace tone-D^ V/V 1 :9  ( 5 0 : 4 5 0 )

Q u a n t i t y  o f  s t a r t i n g  m a t e r i a l Rate  c o n s t a n t  S .D ( $ )  
104k  ( s - 1 )

3 . 4  x  10 - 1  M (25  p l i t r e s ) 4 .9 0  1 . 1

2 . 6  x  1 0 - 1  M (20  p l i t r e s ) 3 .4 9  1 .1 5

2 . 0  x  1 0 - 1  M (15  p l i t r e s ) 3 .3 3  1 .3 7

TABLE 28 ( a ) R a te  o f  h y d r o l y s i s  of  s t a r t i n g  m a t e r i a l .

T e m p e r a t u r e ;  -35  °C

S o l u t i o n ; D^O/acetone-D^ V/V ( 7 0 :4 3 0 )

Q u a n t i t y  o f  s t a r t i n g  m a t e r i a l Rate  c o n s t a n t  S.D ( $ )  

I 03k  ( s - 1 )

1 . 4  x  1 0 - 1  M (10  p l i t r e s ) 3 .3 0  7 . 1

2 . 0  x  1 0 - 1  M (15  p l i t r e s ) -

2 . 6  x  1 0 - 1  N (20  p l i t r e s ) 2 . 0 4  7 . 9

3 . 2  x  10_1  M (25 p l i t r e s ) 2 .9 1  4 . 5
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(B)  R a te  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e .

Q u a n t i t y  o f  s t a r t i n g  m a t e r i a l  Rate c o n s t a n t  S.D (fo)

104k ( s ' 1 )

1 . 4  x  10 1 M ( l 0  p l i t r e s )  6 .7 8  1 .15

2 . 0  x 10"”1 M (15 p l i t r e s ) 11.53 1 .1 6

2 . 6  x  10 1 M (20 p l i t r e s )  1 1 .3 2  2 . 9 4

3 . 2  x 1 0 - 1 M (25 p l i t r e s )  1 2 .3 4  1 .0 6

2 . The H y d r o l y s i s  o f  2 - a c e t o x v - 4 , 4 , 5 . 5- t e t r a m e t h y l - l , 3-  

d i o x o l a n

TABLE 29 (A) Rate  o f  h y d r o l y s i s  o f  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  C o n c e n t r a t i o n  = 1 , 6  x  10 M (15 p l i t r e s )

T e m p e r a t u r e ;  - 4 0 °C

S o l u t i o n ;  D^O/acetone-D^ V/V 1 :9

R ate  c o n s t a n t  I 0 4k  ( s ” 1 ) S.D (ft )  m o n i t o r e d  by;

4 ,1 6  2 .3 2  a c e t a t e  p eak s

4 ,5 5  4 .2 3  H-C p e a k s

W e ig h te d  A verage  4 . 2 4  x 10 s a .D  (/o) = 7 . 4 4

(B) Rate  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e  

T e m p e r a t u r e }  -10°C C o n c e n t r a t i o n  as  above

' Ra te  c o n s t a n t  104k ( s - 1 ) S.D W )  m o n i t o r e d  by;

3 , 9 !  2 .3  m e th y l  p e a k s

3 .6 5  H-C p e a k s

W e ig h te d  A verage  3 .9 7  x l 0 “ 4s 1 S.D ( ^ )  = 3 .9 8
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(C)  R a te  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e

T e m p e r a t u r e ;  0°C

Rate  c o n s t a n t  104k ( s - 1 ) S.D (fo) m o n i t o r e d  by

5*48 1 .6 7  m e th y l  p e a k s

6*31 3 .2 9  H-C p e a k s

W e ig h te d  A verage  5 .6 2  x l O ^ s "1 S.D (fo) = 1 2 .6

TABLE 30 Ra te  o f  h y d r o l y s i s  o f  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  C o n c e n t r a t i o n  = 1 . 6  x lO"'*' M (15  p l i t r e s )

T e m p e r a t u r e ;  - 20 °C

S o l u t i o n ;  1 .6 9  x 10 NaOD/acetone-D^ V/V 1 :9

Rate  c o n s t a n t  lO^k ( s~ ^ )  S.D ( f o )

6 .2 3  4 .4 6

TABLE 31 Rate  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e .

S u b s t r a t e  C o n c e n t r a t i o n  = 1 . 6  x 10 ^ M (15 p l i t r e s )

T e m p e r a t u r e ;  - 4 0 °C

S o l u t i o n ;  D C l /a c e to n e -D ^  V/V 1 :9

F i n a l  C o n c e n t r a t i o n  o f  a c i d  Rate  c o n s t a n t  S.D ( f o )

( a f t e r  a d d i t i o n  o f  a c e t o n e )  10 k  (s  )

1 0 ~ 5M 1*72 1 .9 8

1 .2 9  2 .3 8

1.60 .  1 . 3 2

W e ig h te d  A verage 1 .65  x l0*’4s ~1 S.D ( f )  1 4 .5



F i n a l  C o n c e n t r a t i o n  o f  a c i d  R a te  c o n s t a n t  S .D (f0) 
( a f t e r  a d d i t i o n  o f  a c e t o n e )  I 0 4k  ( s ~ ^ )

2 x  10_5M 3 . 4 7  1 . 9 8

2 . 9 7  1 . 5 4

4 . 8 2  3 .5 0

3 . 3 6  1 . 3 6

W e ig h te d  A v erag e  3 . 5 8  x  10- 4 s - '*' S .D ( $ )  2 8 .9

3 x  1 0 - 5 M 8 . 6 2  2 . 1 7

8 . 2 6  1 .3 1

W e ig h te d  A v erag e  8 . 3 5  x 10- 4 s - '*' S .D ( f ) 3 . 0

4 x  10~5M 1 0 . 9 2  4 . 3 3

1 0 .4 1  2 . 1 9

W e ig h te d  A verage  1 0 . 5 1  x 10 4 s ^ S .D ( f )  4 . 0

5 x  10" 5M 1 3 . 4  4 . 5

1 2 . 3  5 . 4

1 3 . 5 .  4 . 2

1 2 . 9  2 . 3

1 3 . 4  2 . 3

1 1 . 7  6 . 1

W e ig h te d  A v erag e  1 . 3 0  x 10 ^ S .D  ( f )  5 . 7 4

6 x  10“ 5M 1 5 . 8  . 5 . 7

1 5 .5  4 . 2

1 7 .8  4 . 8  

3 —1W e ig h te d  A verage  1*62 x 10 s o .D (fo) 7*77



3 .  The H y d r o l y s i s  o f  l - c h l o r o a c e t o x y - 4 . 4 « 5«5 - t e t r a m e t h v l -  

1 . 3 - d i o x o l a n

TABLE 32 R a te  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e .

S u b s t r a t e  C o n c e n t r a t i o n  = 2 . 0  x 10“ ^ M ( l 5  p l i t r e s )

S o l u t i o n :  D ^ O /ac e to n e -D ^  V/Y 1 :9

T e m p e r a t u r e  R a te  c o n s t a n t  I 0 4k  ( s ~ ^ )  S .D  (fo)

-2 0 °C  6 . 4 1  2 . 5 7

0°C 1 6 .3 9  3 .5 5

4 .  The H y d r o l y s i s  o f  a c e t o x y - d i e t h o x y - m e t h a n e

TABLE 33 R a te  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e .

T e m p e r a t u r e ;  - 4 0 °C

S o l u t i o n ;  D ^ O /a c e to n e  -D6 V/V l : 9

S u b s t r a t e  C o n c e n t r a t i o n  R a te  c o n s t a n t  S .D  (fo)

1 0 3k  ( s - 1 )

3 . 0  x  10“3 M (25 u l i t r e s )  1 . 4 2  4 . 0

2 . 5 8  3 . 4

1 . 3 8  2 . 1

1 . 6 5  3 . 9

1 . 2 1  4 . 3

1 . 3 6  9 . 2

1 . 1 6  3 . 4

W e ig h ted  A v erage  1 . 3 9  x 10~3s - 3  S .D  ( $ )  3 6 .8
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S u b s t r a t e  C o n c e n t r a t i o n  R a te  c o n s t a n t  S .D ( f )

l 0 3k  ( s - 1 )

2 . 4  x  10 - 1  M (20  ( i l i t r e s ) 1 . 0 1  2 . 0

0 . 9 6  1 . 6

3 . 2 9  1 . 8

2 .11  2 .6

1 . 2 0  2 . 4

1 .2 1  4 . 1

1 . 0 4  5 . 7

1 .1 0 .  3 . 4

1 . 4 4  2 . 0

W e ig h te d  A v e ra g e  1 . 1 6  x  10- 3 s - 3  S .D  (fo) 72

S u b s t r a t e  C o n c e n t r a t i o n

1 . 8  x 1 0 -1  M ( 15 ^ . l i t r e s ) 1 . 2 2  2 . 7

0 .6 8  2 .6

1 . 2 4  4 . 1

1 . 1 3  7 . 3

0 . 9 6  3 . 4

1 . 2 5  6 . 0

0 . 8 3  5 . 0

0 . 6 1  1 2 . 4

W e ig h te d  A v erag e  0 . 8 7  x  10~3 s ~3 S .D  (fo) 33
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S u b s t r a t e  C o n c e n t r a t i o n  R a te  c o n s t a n t  S .D .  ( f o )

1 0 3k  ( s - 1 )

1 . 2  x 10 - 1 M (10  u l i t r e s )  1 . 5 5  3 . 5

0 . 5 6  1 . 5

0 . 6 9  2 . 8

0 . 4 6  1 . 4

0 . 6 6  8 .8

0 . 6 2  1 0 . 6

0 . 5 8  1 1 . 7

0 .6 8  4 .1

0 . 9 2  6 . 9

W e ig h ted  A v erag e  O. 5 3  x l O ^ s - 1  S .D  ( f o )  75

TABLE 34 R a te  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e .

S u b s t r a t e  C o n c e n t r a t i o n  = 1 . 2  x lO"'*' M ( lO p i l i t r e s )

T e m p e r a t u r e ;

S o l u t i o n ;  D C l / a c e to n e - D ^

F i n a l  c o n c e n t r a t i o n  o f  a c i d  R a te  c o n s t a n t  S.D ( f o )
3 X( a f t e r  a d d i t i o n  o f  a c e t o n e )  10 k  ( s ~  )

5 x 10~6M 0 . 6 9  3 . 5

2 x 10~6M 0 . 6 6  4 . 2
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TABLE 35 R a te  o f  h y d r o l y s i s  o f  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  C o n c e n t r a t i o n  = 1 . 2  x 1 0 M ( l 0 | j , l i t r e s )  

T e m p e r a t u r e ;

S o l u t i o n :  Buf  f  e r / a c e t o n e - D , .o
B u f f e r  0.1M NaOAc/O.lM AcOD

R ate  c o n s t a n t  lO^k ( s ~ ^ )  S.D (fo)

1 . 0 6  6 . 2 3

5 • The H y d r o l y s i s  o f  2 - A c e t o x y - l , 3 - d i o x o l a n

TABLE 36 Ra te  o f  h y d r o l y s i s  o f  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  C o n c e n t r a t i o n  = 2 . 0  x 10™̂ M (15 u l i t r e s )

T e m p e r a t u r e ;  - 3 0 °C

S o l u t i o n ;  D ^ O /ac e to n e -D ^  V/V 1 :9

R ate  c o n s t a n t  S.D (fo) m o n i t o r e d  by ;
104k ( s - 1 )

2 .3 1  . 3 . 4  H-C p e a k s

2 .3 6  2 . 4  H-C p e a k s

1 . 7 3  2 . 3  a c e t o x y  p e a k s

TABLE 37 (A) R a te  o f  h y d r o l y s i s  o f  s t a r t i n g  m a t e r i a l .

S u b s t r a t e  C o n c e n t r a t i o n  = 2 . 0  x 10”"̂  M (15  j a l i t r e s )

T e m p e r a t u r e ;  - 35°C

D ^ O /a c e to n e - D .  r a t i o  Ra te  c o n s t a n t  104k (s*"1 ) S.D ( f )  
2 o

1 : 9  ( 5 0 : 4 5 0 )  1 . 2 4  ' 0 . 8

( 6 0 : 4 4 0 )  1 . 3 5  0 . 6

( 7 0 : 4 3 0 )  9 . 8 7  2 .6
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(B)  B a te  o f  h y d r o l y s i s  o f  i n t e r m e d i a t e .

S o l u t i o n )  D ^ O /a c e to n e -D ^  V/V ( 7 0 : 4 3 0 )

R a te  c o n s t a n t  I 0 4k  ( s ~ ^ )  S.D (fo)

3 . 6 0  1 . 1

3 . 5 6  2 . 6

6* The H y d r o l y s i s  o f  2 - m e t h o x v - 4 . 4 . 5 . 5 - t e t r a m e t h y l - 1 . 3 -  

d i o x o l a n

TABLE 38 ( a ) C o n c e n t r a t i o n  o f  s u b s t r a t e  and  c h l o r o a c e t i c

a c i d  ( a d d e d  as  c a t a l y s t )  e q u i v a l e n t  t o  X u l i t r e s  o f  2 - c h l o r o -  

a c e t o x y - 4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 - d i o x o l a n .

T e m p e r a t u r e  + 3 5 °C

S o l u t i o n ;  D ^ O /a ce to n e -D ^  V/V 1 :9  

C o n c e n t r a t i o n  o f  s u b s t r a t e  X R a te  c o n s t a n t  S.D (fo)
CM• X o 1

M 25

I 0 4k  ( s " 1 ) 

1 . 5 1 3 . 2

2 . 6 X i o -1 M 20 1 . 3 4 2 . 7

2 .0 X 10” 1 M 15 0 . 6 0 2 . 2

1 . 4 X 1 0 -1 M 10 0 . 4 1 1 . 3

(B) C o n c e n t r a t i o n o f s u b s t r a t e  and a c e t i c a c i d

( a d d e d  as  c a t a l y s t )  e q u i v a l e n t  t o  X u l i t r e s  o f  2 - a c e t o x y -  

4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 - d i o x o l a n .

T e m p e ra tu r e  + 35°C

S o l u t i o n ;  D ^ O / a c e t o n e -  D6 V/ V 1 : 9
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C o n c e n t r a t i o n  o f  s u b s t r a t e  X R a te  c o n s t a n t  S .D ( $ )
1 0 4k ( s - 1 )

2 . 6 5  x  10- 1 M 25 1 . 4 3  2 . 4

1 . 4 1  0 . 7

1 . 0 7  x 10- 1 M 10 0 . 8 4  1 . 4

NOTE. R a t e s  h a v e ,  n o r m a l l y ,  b e e n  g i v e n  t o  two p o i n t s  

a f t e r  t h e  d e c im a l*  The a c c u r a c y  o f  t h e s e  v a l u e s  a r e  o n l y  

n o r m a l l y  w i t h i n  2 -1 0 $  by N.M.R. s t u d i e s .  The s t a n d a r d  

d e v i a t i o n s  a r e  t h o s e  o b t a i n e d  f o r  t h e  q u a l i t y  o f  f i t  o f  t h a t  

p a r t i c u l a r  r u n .
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RESULTS PART 3 .

H y d r o l y s i s  o f  2 . 2 - d i m e t h o x v t e t r a h v d r o D v r a n

Method o f  A n a l y s i s

The p e a k  i n t e g r a t i o n s  c o r r e s p o n d i n g  t o  m e t h a n o l  and  

h y d r o x y - m e t h o x y  e s t e r  w ere  m e a s u r e d .  A r e p r e s e n t a t i v e  

s p e c t r u m  i s  shown i n  f i g *  120 .  The g e n e r a l  o v e r a l l  r e a c t i o n  

can  be r e p r e s e n t e d  as  i n  f i g .  121 .  The r a t i o  o f  m e th a n o l  

t o  h y d r o x y -m e th o x y  e s t e r  can  t h e n  be c a l c u l a t e d .

L e t  a  be t h e  c o n c e n t r a t i o n  o f  m e t h a n o l ,

b be  t h e  c o n c e n t r a t i o n  o f  h y d r o x y - m e t h o x y  e s t e r ,

t h e n  a  = 3y

b = 6x + 3y

w h e re  x  i s  t h e  q u a n t i t y  o f  r e a c t i o n  p r o d u c i n g  l a c t o n e  and  y

i s  t h e  q u a n t i t y  o f  r e a c t i o n  p r o d u c i n g  h y d r o x y - m e t h o x y  e s t e r .

b 2x + yi . e .  — =--- ----- :—**■a y

t h e n  ft l a c t o n e  = 'X'™"b + a
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T a b le  39

Deslongchanrps1 Method

P e r c e n t a g e  L a c t o n e  3 5 ( a v e r a g e  o f  8 v a l u e s ) ,  

(S ee  e x p e r i m e n t a l  s e c t i o n  f o r  summary o f  m e t h o d ) .



H y d r o ly s i s  i n  D ^ O /a ce to n e -D ^ .a Tem perature 3 5 °C

D2® /a c e ^ o n e “-^^ r a t i o

10:90  

2 0 :8 0  

3 0 :7 0  

4 0 :6 0  

5 0 :5 0  

6 0 : 4 0  

7 0 : 3 0  

8 0 : 2 0  

90:10  

100: 0

i* l a c t o n e

33

33

33 

30 

29 

32

32

34

33

35

a .  A l l  D^O /acetone-D^ s o l u t i o n s  u se d  D^O c o n t a in in g  10

t o lu e n e - p - s u l p h o n i c  a c id  b e fo r e  d i l u t i o n .
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T able  41

H y d r o l y s i s  i n  d e l i b e r a t e d  h y d r o c h l o r i c  a c i d

C o n c e n t r a t i o n  o f  A c id  Time ( m i n u t e s ) jo l a c t o n e

0.2M 3 .7 5  23

6 . 6 7  25

1 1 . 5  27

1 7 . 8  29

0 . 1M 7 . 5  25

1 3 . 0  22

5 x  1 0 " 2M 1 . 5  22

6 . 6 7  23

1 5 . 9  2 4 . 5

1 0 " 2M 7 . 8  27

3 5 . 0  23

2 x  10“ 3M 6 . 3 3  2 4 . 5

1 5 . 0  27
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T able  42

a
H y d r o l y s i s  i n  D ^ O / d e u t e r a t e d  a c e t o n i t r i l e  (GD^CN)

D^O/CD CN r a t i o  fo l a c t o n e

40 

39

39 

38

40 

40 

42 

44 

44

a .  A l l  D^O/CD^CN s o l u t i o n s  c o n t a i n e d  D^O w i t h  10“*̂ M 

t o l u e n e - p - s u l p h o n i c  a c i d  b e f o r e  d i l u t i o n .

90:10  

8 0 :2 0  

7 0 :3 0  

6 0 : 4 0  

5 0 :5 0  

4 0 :6 0  

3 0 :7 0  

2 0 :8 0  

10:90



T ab le  43

H y d r o ly s i s  i n  D ^ O /d eu tera ted  d im e t h y ls u lp h o x id e  (DMSO).

D20/DMS0 r a t i o

10 90

20 80

30 70

40 60

50 50

60 40

70 30

80 20

90 10

100 0

f> l a c t o n e

43

38

39

40

41 

41 

41

40

44

41

a* A l l  D20/DMS0 s o l u t i o n s  u se d  I^O c o n t a in in g  10“ ^M

t o lu e n e - p - s u l p h o n i c  a c id  b e f o r e  d i l u t i o n .
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H y d r o l y s i s  o f  2 . 2- d i e t h o x y t e t r a h y d r o p y r a n

Method o f  A n a l y s i s

The p e a k  i n t e g r a t i o n s  c o r r e s p o n d i n g  t o  e t h a n o l  ( -C H ^-)  

and  e t h o x y  e s t e r  ( -C H ^ - )  -were m e a s u r e d .  The t e m p e r a t u r e  o f  

r e a c t i o n  was a d j u s t e d  so as  t o  a l l o w  t h e  f a c i l i t a t i o n  o f  t h e s e  

m e a s u re m e n ts  where  o v e r l a p  w i t h  w a t e r  o c c u r r e d .  The g e n e r a l  

o v e r a l l  r e a c t i o n  i s  r e p r e s e n t e d  as  i n  f i g .  1 2 2 .

L e t  a  be  t h e  c o n c e n t r a t i o n  o f  e t h y l  e s t e r

b be t h e  c o n c e n t r a t i o n  o f  e t h a n o l ,

t h e n  a  = 2y

b = 4x + 4y

i . e . x _ b 2a 
x  + y  b
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H y d r o ly s i s  i n  D ^ O /a ce to n e-D ^ .a

D ^ O /a c e to n e -D ^  r a t i o

10:90  

2 0 :8 0  

3 0 :7 0  

40:60  

5 0 :5 0  

60:40  

7 0 : 3 0  

8 0 : 2 0  

90:10  

100: 0

io l a c t o n e

22

25 

28

29

26 

31

30

31

30

31

a .  A l l  D^O/acetone-D^ s o l u t i o n s  u se d  c o n t a in in g  10

to lu e n e - ]3 - s u lp h o n ic  a c id  b e f o r e  d i l u t i o n .
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